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for Greater 


Service to Farmers 
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eee and many others ; 
for a wide choice 


FREE CATALOG 


Send for your copy now... 


In practical farming, nothing can be truly modern until it can be done by machinery. 
And so the advanced farm practices sparkle with reality when shown in actual appli- 
cation with modern machines. Grassland farming and forage feeding . . . pond build- 
ing and water spreading . . . terracing, contour tillage and strip cropping . . . seed 
growing and seed saving . . . soil building and farm safety—all become vivid and 
vital when shown in moving color or by clear-cut chart. Send for “Visual Aids to 


Modern Farming” . . . see the scope of subjects covered . . . Let Case lighten your 


load of leadership. J. I. Case Co., Racine, Wis. 
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Modern Crawler tractor design requires a F-L-E-X-I- 
B-L-E connection between the engine and trans- 
mission. MECHANICS Close-Coupled Type UNI- 
VERSAL JOINTS not only provide for high 
angularity within cramped space but compensate 
for out-of-alignment conditions. The shocks and 
strains that crawler tractors encounter in heavy duty 
work often are so great that they temporarily twist 


the tractor frame. MECHANICS Close-Coupled Type 
UNIVERSAL JOINTS are designed to provide the 


F-L-E-X-I-B-I-L-I-T-¥ needed to make efficient 


operation possible under such adverse conditions. 


‘MECHANICS exclusive KEY method of driving 


has the highest safety factor, transmits the most 
torque, and averts costly breakdowns that result 
from driving through bolts or screws that work 
loose. Let our engineers show you how these 


MECHANICS advantages will benefit your product. 


MECHANICS UNIVERSAL JOINT DIVISION 
Borg-Warner ® 2046 Harrison Ave., Rockford, Ill. 


UNIVERSAL JOINTS 


For Cars + Trucks + Tractors « Farm Implements + Road Machinery « 
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“‘Look at the range of sizes of 
TORRINGTON NEEDLE BEARINGS” 


The Torrington Needle Bearing is 
produced in a wide range of sizes— 
for shaft diameters from 14” to714” 
—to meet the needs of the thousands 
of products throughout industry in 
which it has become standard equip- 
ment. 

Whatever the size, the basic de- 
sign is the same—a full complement 
of free running rollers, without sep- 
arators or cages, retained by a thin 
hardened outer shell which serves 
as the outer race. This means a 
greater radial load capacity for its 
size than any other anti-friction 
bearing, plus compactness and long, 


maintenance-free operation. 

Several widths are available in 
each size to meet specific design re- 
quirements, and they are also made 
with one end closed for use over stub 
shafts. 

The Torrington Company has en- 
gineered thousands of different 
Needle Bearing applications in many 
industries during the bearing’s 20- 
year history. Our Engineering De- 
partment offers the benefits of this 
experience in applying Needle Bear- 
ings to your products. 

THE TORRINGTON COMPANY 
Torrington,Conn. South Bend 21, Ind. 


* District Offices and Distributors in Principal Cities of United States and Canada 


TORRINGTON 


Needle © Spherical Roller e Tapered Roller e Cylindrical Roller e Ball ¢ Needle Rollers 
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Tractors, harvesters, combines, 
mowers and many other farm ma- 
chines produced by leading manu- 
facturers utilize Torrington Needle 
Bearings to good advantage. In main 
drives, crankshafts, gearboxes, idler 
pulleys, steering gears, hydraulic 
pumps and a host of other assem- 
blies, Needle Bearings take the pun- 
ishing loads of daily farm use. 
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Here's the new McCormick No. 141 Self-Propelled 
Harvester-Thresher in action. The pre-lubricated, 
sealed BCA Bearings keep the grease in and dust 
and grit out .. . cut field-servicing to a minimum and 
mean more acres harvested between stops. 


Two types of BCA agricultural bearings—low-cost, pre-lubricated package 
units—are used on the new McCormick No. 141 Self-Propelled Harvester- 
Thresher. Seven BCA Idler Pulley Assemblies and five BCA Flange Bearings 
simplify the manufacturer's assembly problems and eliminate many of the 
farmer's field-servicing chores. 


These low-cost, pre-lubricated package units are typical of the complete 
line of BCA ball bearings designed and engineered to meet the problems 
of both the manufacturer and user of farm equipment. They are adaptable 
to many agricultural applications: combines, hay balers, forage harvesters, 
grain elevators, corn and cotton pickers, spreaders. And BCA engineering 
cooperation and design assistance help solve problems involving ball bear- 


ings—that's why it will be to your advantage to bring your bearing prob- 
lems to us. 


OMPANY OF AMERICA 


Pioneers of pre-lubricated package unit ball bearings for agriculture 
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ECK these important 
ifferences in augers 
for farm machines 


ONE-PIECE HELICOID FLIGHTING has greater smoothness and 
strength. Link-Belt also builds many different shapes in various 
metals to meet your specific meeds—cut flight, short pitch, 
ribbon flight, tapering, double flight to name a few. 


: 
‘ 
} 


UNIFORM PITCH — Specialized modern machinery as- 
sures accurate forming, producing uniformity in flight- 
ing curvature. 


ONLY SPECIALLY SELECTED STEELS are used to 
meet Link-Belt’s rigid specifications — assur- 
ing smooth flight surfaces. 


STRAIGHTNESS is checked before shipping 
and extra care is taken in handling and 
loading. 


Complete auger for this harvester-thresher is furnished by 
Link-Belt. Opposed flights move cut grain to center, deliver 
it to pick-up conveyor. 


LINK-BELT gives you sound engineering 


plus accuracy of manufacture ee pee a 
for top performance Sectional-flight 


HEN you make a Link-Belt auger part of your farm tgp — i i i i 


machine, you can be sure of efficient operation plus Helicoid flight with end, plain beater Helicoid flight auger 
long-life, low-maintenance service. Link-Belt builds — 
augers for every purpose—gathering cut grain back of —_ - _- ——_—__— Je AA ~, 
the sickle bar, conveying, elevating, spreading, feeding, Gasenl Mabie ont Ww v 
mixing or digging. center saw-tooth beater Unmounted Helicoid flighting 
Each can be engineered for your specific requirements 

. .. each will provide long-lasting efficiency, thanks to eee 

Cm, 


Link-Belt’s unequalled accuracy of manufacture. Let your re, 
- nearby Link-Belt sales representative point out the many @) E L E 
important differences in augers to you. And be sure he \ 


gives you a copy of Book 2289, covering Link-Belt’s al 
regular line of conveyor screws and components. FARM MACHINE AUGERS 


LINK-BELT COMPANY: Executive Offices, 307 N. Michigan Ave., Chicago 1. To Serve Industry There Are Link-Belt Plants and Sales Offices in All Prin- 
cipal Cities. Export Office, New York 7; Canada, Scarboro (Toronto 13); Australia, Marrickville, N. S. W.; South Africa, Springs. 
Representatives Throughout the World. 13,384 
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What’s the tractor 
fuel of the future? 


Oliver Corporation engineers had this question in mind when de- 
signing their new experimental engines to study ways of boosting 
tractor power. The result of this work—the XO-121 engine— 
proved to be the most efficient tractor engine ever built. And it 
answered the question about the ‘“‘fuel of the future.” 

The XO-121 runs on gasoline! A special gasoline . . . but by no 
means a trick or synthetic fuel. It’s a blend of high-octane com- 
ponents and “Ethyl” antiknock compound. The Ethyl Corpora- 
tion—which assisted in designing and testing the engine—worked 
out this fuel to permit the XO-121 to operate at a 12 to 1 compres- 
sion ratio. 

This unusually high compression ratio allows it to squeeze a 
greater amount of work out of this high-octane fuel . . . and pro- 
duce some remarkable records. In laboratory tests the XO-121 
produced 44% more power than one of today’s high-performance 
tractor engines. It also set a new high in economy, operating on 
30% less fuel than today’s engine! 

While the XO-121 will never go into production, test results 
clearly point the way toward a new era in tractor performance 
for American farmers. It shows that gasoline offers an unmatched 
power potential—coupled with true economy—ready to meet 
farmers’ demands for better tractor power in the future. 


The tractor fuel of tomorrow is already here—gasoline! 


ETHYL CORPORATION (Samm 


NTIKNOCK 


COMPOUND 
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*Reg. U.S. Pat. Off. 


High fuil-flow rates within 
practical design dimensions: 
Purolator’s famous ‘‘accordion- 
pleated’”’ Micronic* filter element 
has up to ten times more filtering 
area than old-style filters—gives 
high flow rates in a minimum 

of space. 


Ultra-micronic filtration: High 
flow rates are, of course, meaning- 
less unless effective filtration is 
maintained, too. Electron micro- 
graphs prove that the Purolator 
Micronic filter stops particles down 
to submicrons—.0000039 in.! 


Maximum dirt storage capacity: 
The pleated design of the Purolator 
Micronic filter element provides 
many times more dirt storage 
space than old-style filters. This 
important advantage means uni- 
form, efficient perform ince 
throughout a long service life. 


Minimum pressure drop: With 
its larger filtering area, the 
Purolator Micronic filter element 
introduces a remarkably small 
pressure drop into the lubricating 
system... permitting pumps of 
practical size and simple type. 


Lote ee ee ee we ee es 


tries cat adalat 


a a a ce ce ee ee at ee ee ee ee 


Original Equipment 
Manufacturers 


prefer Purolator 
filters for full flow 


Inch for inch and pound for pound, Purolator 
filters can’t be beat. Test after test conducted by 
leading internal combustion equipment manufac- 
turers prove that Purolator filters give finer, more 
dependable filtration at optimum flow rates, in 
minimum space. 


Purolators are available in hundreds of different 
types, for all filter applications, including air, 
gasoline, lube oil, fuel oil, hydraulic fluids and 
water. Purolator’s engineering staff and research 
laboratories, the world’s largest, will be glad to 
assist you with any filter problem you may have. 


Get the latest technical information on Purolator 
filters. Simply mail in the coupon below. 


Will not remove or absorb 
additives: With Purolator 
Micronic filtration, you keep all 
the oil quality you pay for. The 
Micronic filter element will not 
strip additives .. . an important 
advantage with HD and heat- 
resistant oils. 


PUROLATOR PRODUCTS, INC. 
Rahway, New Jersey, and Toronto, Ontario, Canada 
Factory Branch Offices: Chicago, Detroit, Los Angeles 


Pee ee ee eee ee ee eee ee ee ee eee ee eee eeee22222 


Purolator Products, Inc., Rahway, N. J. 
Send the following Purolator catalogs: 


O Industrial O Aviation O Automotive 


Name Title 
Company. 


Address 
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@© LONG-LIFE RADIATORS 
—Built to last the life 
of the tractor. 


© RUGGED CONSTRUC- 
TION—in either sheet 
metal, cast iron or 


welded steel. 


» 
<~ 
' 


able section cores. 


—_ 

2. NY ny f / meat » TROUBLE-FREE SERVICE 
oem ~ iieomunemanndl ER wad i 
pO DN eee OT —Industry-proved Ra- . 
/ o~. 4 ee | diators with choice of 2 
OF ' oo j j 4 Be stationary, removable me 
~~ - . tees RE : : : one-piece, or remov- oe 
a pee a T\ ‘i 


USER SATISFACTION— 
Young Radiator de- 
pendability helps build 
product preference, 


? Young specialized Radiator design offers many extra advantages 

desired by leading tractor manufacturers. You get sturdy stiffening 

features for longer radiator life . . . vibration control mountings .. . 

restraining core side baffles .. . corner web reinforcing ... and many others. 

Whatever your tractor cooling problem may be, always specify Young. 

We invite your inquiry ... without obligation. For complete information. 
write Young Radiator Company, Racine, Wisconsin, 


COOLING Farm Tractors Hammer Mills Sprayers 

EQUIPMENT Threshers Generator Form Trucks 
Combines Sets Specialized 

FOR Garden Tractors Pumps Equipment 


Heating, Cooling, Air Conditioning 
Products for Home and Industry. 


“Heat Transfer Products for Automo- 
tive, Agricultural, Industrial, Gas 
and Diesel Engine Application. 


YOUNG RADIATOR COMPANY 


i Ea 


WISCONSIN e PLANTS AT RACINE, WIS. AND MATTOON, ILL. 


Shell and Tube Automotive and Unit Convector “YAC"’ Air Heating and “*HC"’ Cooling and 
Heat Exchangers Industrial Radiators Heaters Radiators Conditioners Cooling Coils Condensing Units 
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Bert and Wetts 
Grady « Cobey 
BDeorborn Motors 
«John Deere 
tundeli « Popes 
New Helland 
George White 


chosen for forage harvesters 
by eighteen famous names! 


To earn and hold this “majority approval,’ Blood Brothers Universal Joints 
and Drive Lines must be right for the job. And they are! 


To make certain, Blood Brothers’ engineers work closely with the manu- 
facturers of forage harvesters ... and innumerable other kinds of farm 
implements. Knowing the power transmission problems of the field helps 
Blood Brothers excel in building joints that farmers favor . . . for dependable, 
long-lived operation. 


If your implements are not getting the advantages of Blood Brothers’ per- 
formance and prestige, write for full information. 


FOR FARM IMPLEMENTS, MORE BLOOD BROTHERS UNIVERSAL 
JOINTS ARE USED THAN ALL OTHER MAKES COMBINED. 


BLOOD BROTHERS machine division 


Rockwell Spring and Axle Company 
ALLEGAN, MICHIGAN 
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A report to you about the TEAMWORK of men and machines 
that helps maintain International Harvester leadership 


How automatic arc welding 
puts uniformly high quality 
into IH plowshares 


In this age of modern science and research, it is 
significant that the plowshare—one of the oldest 
parts in farm equipment manufacture—is still 
being improved. 

At International Harvester, research engineers 
and factory production men have teamed together 
to apply successfully the techniques of modern 
automatic arc welding to mass production assembly 
of plowshares. The result is a consistently uniform, 
high-quality product that always fits right, holds 
its shape, wears well, and enables the farmer to 
do a first-rate job of plowing. 


Before welding (left), the plowshare blade (A) and 
gunnel (B) look like this. After being automatically 
arc welded (right), the two parts are joined like this 
(C), with a strong, consistently uniform weld. Shares 
are forged and heat treated after welding to give them 
proper shape and wearing qualities. 


* 


The common goal of IH research, design, metallurgy, 
field test engineering, and manufacturing is to improve 
the quality and performance of IH products, while 
keeping costs to a minimum. The result is product 
leadership that helps farmers everywhere reduce pro- 
duction costs and increase profits. 


For more details, write for free engineering 

paper, ‘“‘Automatic Arc Welding of IH Farm 

F] Equipment Parts.’’ There is no obligation. 
: 4 é Send postcard with your name and address to 


INTERNATIONAL 
HARVESTER 


{international Harvester products pay for themselves in use—McCormick Farm 
Equipment and Farmall Tractors... Motor Trucks... Crawler Tractors and 
Power Units ... Refrigerators and Freezers—General Office, Chicage 1, Il. 
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After successful, coordinated development work be- 
tween researchers and production men in the tech- 
nique of application, the automatic submerged arc 
welding process is now a standard factory operation at 
IH’s Canton, Illinois, Works in the mass production 
assembly of plowshares. This turret-type welding fix- 
ture has 10 ‘‘stations’”” where 10 plowshares at a time 
are automatically in process of being loaded into the 
fixture, welded, cleaned and unloaded. Arrow points 
to plowshare in position in one of the “‘stations.”” In 
this process, a carefully engineered combination of 
granular flux and welding wire is used to produce, 
rapidly, a uniformly strong weld— automatically. 


Both IH customers and dealers benefit from the use of 
automatically arc welded plowshares. Consistently 
uniform quality in manufacture helps assure depend- 
able performance in the field. This is one reason why 
McCormick® plows are first in favor with particular 
plowmen everywhere. 
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Boyce Tiser, Cleveland, Missis- 
sippi, says: 

“‘About 6 years ago we started replac- 
ing our old, untreated fence posts with 
Pressure-Creosoted Posts. I like the 
good-looking appearance of a fence 
made with Pressure-Creosoted Posts, 
and, of course, they are much easier 
to install and the fence wire goes on 
more easily. We’ve also used Pressure- 
Creosoted Lumber and Poles in pole 
barns, tractor sheds, and other build- 
ings. There has been no sign of dete- 


J. C. Baber, Manager of Alpine 
Farms, Natural Bridge Station, 
Virginia, says: 


“Until recently we have been using 
untreated locust and pine posts, which 
have proven most unsatisfactory in 
service and upkeep. Therefore, we are 
converting all our fencing to the use 
of Pressure-Creosoted Posts. We feel 
assured these posts will last us 40 to 
50 years, which will result in consider- 
able savings.” 


James S. Kreycik, of Wood Lake, 
Nebraska, says: 


“Twenty-one years ago we purchased 
our first Pressure-Creosoted Fence 
Posts. We like them because they’re 
long-lasting and highly fire-resistant, 
and they make a strong, straight, 
good-looking fence. We’re replacing 
untreated posts with Pressure-Creo- 
soted Posts at the rate of about 2000 
a year; eventually we will have over 
60 miles of boundary and cross fences 
using Pressure-Creosoted Posts.”’ 


rioration or decay.” 


HE men who are using them are the men best 
qualified to talk about the advantages of Pres- 
sure-Creosoted Fence Posts. And hundreds of 
farmers have told us they can build a longer- 
lasting, better-looking fence with Pressure-Creo- 
soted Posts than with any other wood posts on 
the market today. 
Pressure-Creosoting is a carefully-controlled, en- 


Posts without hesitation as the most economical 
wood posts that can be used. The small extra cost 
of Pressure-Creosoting is repaid time and again in 
extra life and savings in labor. 

Many leading wood-treating plants use USS 
Creosote in their wood treating operations. When 
fence posts—or any other type of farm lumber— 


are treated with U'S‘S Creosote, you can be sure 

gineered operation where exactly the right amount a quality product has been used. 
of Creosote is forced deep into the wood to give 
the post maximum protection against the natural e « * 
enemies of wood. And the posts used for Pressure- 
Creosoting are carefully selected for uniformity, 
straightness and ease of erection. 

You can recommend Pressure-Creosoted Fence 


UNITED STATES STEEL CORPORATION 
525 William Penn Place « Pittsburgh 30, Pa. 


Free guide to better fencing 


If you would like more information on ap- 

proved methods of fence construction with 
Pressure-Creosoted 
Posts, send for our 
guide ‘‘Fences That 
Pay.” If, after examin- 
ing it, you would like 
additional copies for 
your educational pro- 
gram, they will be sup- 
plied without charge. 
Use the coupon. 


Agricultural Extension Section 
United States Steel Corporation 
Room 4445, 525 William Penn Place 
Pittsburgh 30, Pa. 


© Please send me your new guide, ‘Fences That Pay.” 


© Also, I would like to know the name of my nearest Pressure-Creosoted 
Fence Post Supplier. No obligation, of course. 
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imRovE Cf/iciency. versatility. performance 
DESIGN AEROQUIP HYDRAULIC ACCESSORIES 


INTO YOUR FARM EQUIPMENT 


AEROQUIP FLEXIBLE HOSE LINES WITH DETACH- 
ABLE, REUSABLE FITTINGS withstand extreme 
weather conditions. They are recommended 
for use with hydraulic fluids, butane, pro- 
pane, lubricating oils, water, fuel, and many 
other fluids. Aeroquip hose assemblies can 
be made quickly by cutting bulk hose to 
required length and attaching the reusable 
fittings. No special tools are needed. 


WITH THE AEROQUIP SELF-SEALING COUPLING 
changing of hydraulic attachments and 
accessories is quick and easy because indi- 
vidual fluid-carrying lines may be discon- 
nected without loss of fluid and reconnected 
without inclusion of air. It is the only self- 
sealing coupling that mates with the Aero- 
quip Breakaway. 


THE AEROQUIP BREAKAWAY COUPLING discon- 
nects automatically when the implement 
accidentally breaks away from the tractor 
preventing breakage of hose lines and re- 
sulting loss of hydraulic fluid. With the 
Breakaway, pressure and return lines be- 
tween tractor and implement may be con- 
nected and disconnected instantly. Each part 
of the Aeroquip Breakaway is replaceable. 


Your customers can buy Aeroquip 
replacements through farm equip- 
ment dealers everywhere. 


eroqul 


AEROQUIP CORPORATION, JACKSON, MICHIGAN 


SALES OFFICES: Burbank, Calif. « Dayton, Ohio « Hagerstown, Md. ¢ High Point, N.C. e Miami Springs, Fla. e Minneapolis, Minn. « Portland, Ore. e Van Wert, Ohio « Wichita, Kan. 
IN CANADA: Prenco Progress and Engineering Corporation Ltd., Toronto e IN ENGLAND: Super Oil Seals & Gaskets, Ltd., Birmingham 


AEROQUIP PRODUCTS ARE FULLY PROTECTED BY PATENTS IN U.S.A. AND ABROAD 


AGRICULTURAL ENGINEERING for October 1954 
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Cendix 


‘arm Tractor Brakes 


the best solution to every 


Braking Problem 


Automobile manufacturers, as well as truck and bus bui!ders, 
have long recognized Bendix as braking headquarters 

for their industries. And today progressive tractor 
manufacturers are turning in increasing numbers to Bendix 
for the best solution to their individual braking problems. 


There is good reason for this growing preference for Bendix* 
Tractor Brakes. Nowhere else can be found comparable 
manufacturing facilities combined with an engineering 
experience that cover every major braking 

development in the past quarter of a century. 


Why not let Bendix farm tractor brake engineers 
help you find the best solution 

to your braking problems. 

Your inquiry will receive prompt attention. 
Write for complete information. 


*REG. U.S. PAT. OFF. 


BENDIX: ewision SOUTH BEND 


EXPORT SALES 
Bendix International Division, 205 East 42nd St., New 
York 17, N.Y. ¢ Canadian Sales: Bendix-Eclipse of 
Canada, ltd., Windsor, Ontario, Canada. 
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SERIES PF-100 VANE-TYPE PUMPS 


DUDCO PF-100 Series Pumps can double the valve of 
your hydraulic dollar. You get 2000 psi continuous duty, 
single-stage construction for the cost of equal ca- 
pacity low pressure pumps... improved equipment 
design and increased machine efficiency without the 
payment of premium prices. These Pumps feature a 
simplified, 3-unit construction . .. the pumping car- 
tridge incorporates the famous DUAL-VANE design 
which provides and assures complete balance of all hy- 
draulic pressure loads. These Pumps have capacities of 


me. 5, 8 and 11 gpm at 1200 rpm. 
EY ET a a ED 
2000 PSI 


SERIES H GEAR-TYPE PUMPS 


The HYDRECO Series H Pumps are intended for 
use in the hydraulic systems of heavy-duty mo- 
bile and industrial equipment, especially where 
shock loads, impact and rugged service are “‘nor- 
mal working conditions”. Four sizes (40, 50, 60, 
70 gpm) deliver fluid power at 1500 psi... in- 
creased horsepower gives greater work output. 
Pressure-Balanced wear plates reduce oil slip- 
page and eliminate power-robbing frictional contacts. 
SAE Flange Mounting and split-flange hose connections 
make servicing simple and reduce down-time. Equipment 
is on-the-job longer. 
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SERIES PV-600 
PISTON-TYPE PUMPS 


DUDCO PV-600 Series Variable Delivery Pumps gen- 
erate continuous duty pressures up to 5000 psi. Two 
types of controls match pump output to system de- 


ware 
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ae 
Wee: 
ees 
So monds. A pressure-compensated regulator automat- 
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ically varies the volume in response to system pressure. § be ort 
A hand wheel control enables an operator to vary the (aay Sc. 


delivery means power is transmitted without the neces- (ia 


power thru a relief valve. 
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volume during the machine cycle. High pressure variable Ber, tan 


sity for an accumulator and without any wastage of RS ee 


PUMPS WITH VALVE PANELS 


DUDCO PF-100 Series Double Pumps with Valve 
Panels are versatile units unmatched as a source of 
Controlled Fluid Power for a wide variety of modern in- 
dustrial equipment...for 2000 psi operation of circuits call- 
ing for a substantial variation in pump volume as during 
é “close and hold” or “traverse and feed” cycles. The 

é Me Valve Panel contains the valving necessary for pressure 
fom a : regulation and flow control .. . the external part of a sys- 
tem will have less valves and controls, reduced piping 
and fewer parts to maintain. Ten capacity combinations 
3 with either automatic or remotely controlled operation. 
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SERIES PF-100 DOUBLE 
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The New York Air Brake Company 
1107 East 222nd Street 
Cleveland 17, Ohio 


Please send details on 
(0 SERIES PF-100 VANE-TYPE PUMPS 
(0 SERIES H GEAR-TYPE PUMPS 


(C0 SERIES PF-100 DOUBLE PUMPS WITH 
VALUE PANELS 


(SERIES PV-600 PISTON-TYPE PUMPS 
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For nearly half a century, leading tractor, truck 
and trailer manufacturers have learned to de- 
pend on The Cleveland Welding Company for 
high-quality, lightweight rims designed for 
strength and safety. 


The above view shows a part of our stock of 
finished rims and a section of the overhead con- 
veyor which helps to streamline our mass-pro- 
duction system. We can fill your needs for 
Cleve-Weld Protecto-Tire Rims. 


Because of our economical production 


Deep-Well, Attached-Clamp 
Tractor Rim 


Wide-Base, Depression-Type 
Tractor Rim 
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methods and favorable location, we are able to 
afford you significant advantages as your pri- 
mary source for production-quality rims. May 
we talk it over? Write THE CLEVELAND 
WELDING COMPANY, W. 117th St. & Berea 
Rd., Cleveland 7, Ohio. (Subsidiary of Ameri- 
can Machine & Foundry Company, New York. ) 


Another Product 


Deep-Well, Drop-Center 


Tractor Rims Tractor Rims 


Wide-Base, Attached-Clamp 
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PRESSURE INLET 


INTEGRAL RELIEF 
AND CHECK 
VALVES 


CYLINDER 
CONNECTIONS 


SINGLE 


REQUIRES LESS SPACE 
ion Operating- 
-Plate Sections 


proved Metering 
Characteristics 


New, compact, more versatile design of valve. End 
sections combine in one casting the inlet or outlet mani- 
fold plate together with any operating-valve section. 
Inlet section also contains relief valve. Individual outlet 
plates available for single unit valves. Single- and 
double-operating valve sections can be added between 
end sections as needed. Valve can be adapted for 
tandem (series) operation. Single-acting valves available 
for either direction of lever shift. 


Other features include protection of pump from reverse 
flow during shifting . . . three point mounting for more 
simple installation . . . cylinder connections with %4-16 
N.F.-2 straight threads (AND 10050 type) which conform 
to SAE standards help insure leak-proof connections... 


ENGINEERS AND BUILDERS 
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New Combinat 
Valve and End 


LOADERS, | 


ANY COMBINATION 
OF VALVES FROM 
: 1 TO 10 SECTIONS 


HYDRAULICALLY 
BALANCED 
SPOOLS 


DISCHARGE 
TO TANK 


CYLINDER 
CONNECTION 


INTEGRA\, 
OUTLET 
MANIFOLD 


(ON BOTTOM) 
ALTERNATE DISCHARGE 
CONNECTION FOR 
GASKET MOUNTING 

TO OlL RESERVOIR 


* 


simplified Design 
and Construction 


optional outlet ports in end section so valve can be 
gasket mounted to the oil reservoir or pipe connected. 
Designed for use with Vickers Series V-200 Vane Pumps 
(up to 11 gpm), the CM11 Valve can be used up to 
2000 psi working pressure. For further information write 
for Installation Drawing M168643. 


VICKERS incorporated 
: DIVISION OF THE SPERRY CORPORATION 
1516 OAKMAN BLVD. ¢ DETROIT '32, MICH. 


Application Engineering Offices: « ATLANTA + CHICAGO AREA 
(Brookfield) « CINCINNATI © CLEVELAND « DETROIT « HOUSTON 
LOS ANGELES AREA (El Segundo) » NEW YORK AREA (Summit, N. J.) 
PHILADELPHIA AREA (Media) + PITTSBURGH AREA (Mt. Lebanon) 
ROCHESTER « ROCKFORD © SAN FRANCISCO AREA (Berkeley) 
SEATTLE © TULSA © WASHINGTON «- WORCESTER 
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Conventional vs. Rolabar 


Diagram shows why conventional rakes (A) 
need twice as much forward motion as the new 
Rolabar (B) to move hay from swath to 
windrow. This can be demonstrated easily in 
the field. Less forward motion means less 
damage to hay, higher ground speeds. 


EVERAL years ago, New Holland engineers 

laid plans for new grassland machines that 
could match the increasing speeds of New 
Holland balers and improve crop quality. As a 
result of this program, the New Holland Rolabar 
Rake was introduced this year. 


The New Holland Rolabar moves hay from swath 
to windrow in half the dis- 
tance traveled by ordinary 
side-delivery rakes. Result? 
You can rake at much higher 


Simple, direct drive matches 
ground speed to rake speed 


aoe 
o 
Aer 


a. 
he ee 
a ea 


ep et 4 -: Byte 


SS opel a a ak OR Ring 
pe Mie 


New Rolabar Rake 
Ggentlee hay 


at ground speeds up to 8 m.p.h.! 


speeds without flailing the protein-bearing leaves 
and blossoms off the stems and into the field. 


There’s a big advantage to these higher speeds. 
By building quick-drying windrows faster, you cut 
curing time. Hay is ready for the baler before it can 
be leached by rain or bleached by too much sun. 
Neat, even windrows allow faster harvesting, cleaner 
pickup with baler or field chopper. 


Power is delivered from the axle to an enclosed 
gear box by a telescoping shaft. There are no chains, 
pulleys or belts on this quiet-running rake. 


Production of the Rolabar Rake is still another 
reason for New Holland’s continued leadership in 
Grassland Farming. The New Holland Machine 
Co., a subsidiary of The Sperry Corporation. 


NEW HOLLAND NG “First in Grassland Farming’ 
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MONEY-SAVING PERFORMANCE iis typical of 
NI-RESIST®. .. 


Particularly the strong resistance Ni-Resist offers not 
only to corrosive spraying solutions but also to erosion 
by solid particles in slurries speeding through equip- 
ment at high pressure. 

Look at the Ni-Resist impeller shown above, for 
example. It delivered millions of gallons of highly cor- 
rosive insecticides at 400 to 600 pounds pressure. Yet 
it shows no appreciable deterioration from either wear 
or corrosion after 31/2 seasons of use. 


In one season alone, the owner reports, this impeller 
pumped thousands of gallons of Dithane D-14. Some of 
the other sprays used were DDT, copper sulphate, zinc 
sulphate, benzene hydrochloride, lime, sulphur and 
liquid nitrogen solutions. Since June, 1951, he estimates 
that it handled a total considerably in excess of 
5,000,000 gallons. 


After such long and severe use, the good condition 
of the impeller attests to the high properties which 
make Ni-Resist castings ideal for holding down costs. 


Neither conventional bronzes nor gray cast iron pro- 
vide a like combination of resistance to corrosion, ero- 
sion and wear. Moreover, Ni-Resist castings are not 
subject to chipping and breaking as are the costly por- 
celain-coated steel stampings sometimes used in insecti- 
cide pumping equipment. 
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A typical example of long life provided 
by Ni-Resist. Still practically good as of Olney Foundry, Link-Belt Co., Phila- 
new, this impeller has served for 31 sea- delphia, Pa., producer of Ni-Resist cast- 
sons in the Hale crop sprayer, illustrated, ings. 

owned by a“custom sprayer”, Ben Landis, 


after spraying 5,000,000 gallons of insecticides 


of Paradise, Pa. The impeller is a product 
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For some years, Hale Fire Pump Company of Con- 
shohocken, Pa., producer of the equipment illustrated 
above, has standardized on Ni-Resist for pump impel- 
lers in their line of crop and orchard sprayers. And Ni- 
Resist has proved its dependability, beyond doubt. 


In fact, no other cast metal provides such a unique 
combination of useful engineering properties. 


Universal adoption of Ni-Resist for spray pump bod- 
ies and impellers is warranted by its demonstrated abil- 
ity to meet the needs of manufacturers and users, alike. 


SEVERAL TYPES OF NI-RESIST are available 
to meet a variety of demands in agriculture and indus- 
try. Get full information . . . mail the coupon now. 


4. 
ms 


The International Nickel Company, Inc. =e===r 
67 Wall Street, New York 5, N. Y. 


Please send me booklets entitled “Engineering Properties 
and Applications of Ni-Resist” and “Buyers’ Guide for 
Ni-Resist Castings.” 

Name 
Title 
Company 
Address 
ee: 
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THE INTERNATIONAL NICKEL COMPANY, INC. wew'vorx's, uv 
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CRUCIBLE soft Center STEEL 


means longer life for 
moldboards and shares 


Plow bottoms made of Crucible soft center steel take the bumps 
and blows of plowing in their stride... for between the two 
outer working layers of tough, hard carbon steel is a soft layer 
that absorbs the punishment. 

Here again, the development of soft center steel was a result 
of Crucible’s special steelmaking experience. For it takes steel- 
men to produce a steel that will give just the proper amount 
of surface hardness and center softness to resist chipping or 
breakage, smooth finish for better scouring . . . and long service. 

Yes, when it comes to steel, you can count on Crucible. And 
for satisfied customers, be sure you sell ’em Crucible soft center 
tillage steels, LaBelle discs and colter blades. 


CRUCIBLE STEEL COMPANY OF AMERICA, GENERAL SALES OFFICES, OLIVER BUILDING, PITTSBURGH, PA. 


REZISTAL STAINLESS * REX HIGH SPEED * TOOL © ALLOY © MAX-EL © SPECIAL PURPOSE STEELS 
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How does this affect ag engineers? 


Lifting milk cans will soon be a disappearing job. 
Better methods are taking over. Handling milk in bulk 
tanks and pipe-line milkers saves time and effort... 
and it assures premium quality, sanitary milk with 
less waste. 


The design of this stainless equipment is a new 
challenge to ag engineers. And so is the develop- 
ment of better accessory equipment. If this new 
stainless equipment can do so much for the farmer, 
isn’t there also a challenge to develop even better 
bulk tanks, milking machines, washing facilities and 
milk room equipment? 

Agricultural engineers working on these develop- 
ments deal with a material that is relatively new for 
farm use. Stainless steel has its own characteristics 
and qualities that must be known in design work. 


Armco’s long experience in manufacturing and 


fabricating stainless steel is available to ag engineers 
in any field. 


Send us the coupon below for further informa- 
tion on Armco Stainless Steels and bulk milk handling 
equipment. 


ARMCO STEEL CORPORATION 
454-A Curtis Street, Middletown, Ohio 


Please send me: 


[J Information on Armco Stainless Steels, 
[_] List of bulk milk tank manufacturers. 
(C) List of pipe-line milker manufacturers. 


Name 
Address 
City 


ARMCO STEEL CORPORATION 
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Walt Fisher’s top cow is a 604-pounder. Five 
heifers in his herd passed the 500-pound mark 
this year. To make the team they have to hit 
450 pounds or more in the first two lactation 
periods or out they go. To get production on 
this level Walt uses lines of his own choosing 
in an artificial breeding program, bolstered by 
use of his own bull when he can’t get the lines 


eS Nia PE OR Eo Se , . 

This Quonset 16, equipped with a drying fan and 
tunnel, lets Fisher store and dry his soybeans, 
wheat, oats or corn without worrying about loss 
of any of the grain from moisture. He’s looking 
at some of the 1,500 bushels of wheat harvested 
this year, now under seal at support price. He 
parks tractors in the building when it’s empty 


This Quonset 40 by 100 loose housing barn is the key to Fisher’s labor problems. 
He stores a year’s bedding and some hay on one side of the barn, feeds the hay 
in bunks just outside the barn and cleans out the manure pack once a year. 
“T haven’t had a single case of mastitis since I went to loose housing,’’ Fisher 
says. ““And before I was the vet’s best customer.”’ And he finds it easy to get 
the manure pack out of the post-free Quonset interior with little labor. 
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he wants. He uses 8 Ibs. alfalfa, 4 lbs. brome, 
2 lbs. timothy and half a pound of ladino in his 
pasture seedings. He considers manure second 
in importance to milk as a crop, side dresses his 
oats or wheat with liberal nitrogen to produce 
more straw for his manure pack. This year Walt 
got 40-bushel wheat from his 35-acre planting, 
and his 60 acres of corn went about 80 bushels. 
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Fisher figures his Quonset 24 machinery storage 
building and shop is one of the “‘workingest” 
buildings he has. He cuts depreciation loss on 
his machinery, gets all of it ready to go during 
the winter and saves valuable time during his 
busy seasons because he has fewer breakdowns. 
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Good management boosted the DHIA average of this 35-cow herd 
113 pounds in one year. Here’s how the owner went about it. 


Walt Fisher’s milking 35 registered Holsteins on his 340-acre farm 
at Muncie, Ind., plans to go to 50 soon. Last year his DHIA average 
was 374 vounds, this year 487 pounds. Here’s why. 

He’s owned the farm for seven years, decided three years ago it 
could make money. He built up his land to produce more feed, built 
up his herd to produce more milk and then he added to his buildings 
to cut his labor requirements. 

He’s got a 7-year rotation, feeds 213 tons of grass silage, 75-80 
tons of hay a year. He raises 60 acres of corn a year, some soybeans, 
and some oats or wheat. He covers 30 acres a year with manure, 
fertilizes his pasture seedings with 500 pounds of 3-12-12 fertilizer. 
He switched to a loose-housing system last year to cut his labor, 
uses his old barn for hay storage and a milking parlor. He’s shooting 
for a 500-pound herd average and it looks like he’ll make it. 


Two new handbooks 
on modern 


DAIRY BARNS 


Authentic, authoritative 
and amply illustrated, 
these two handbooks sum- 
marize latest practical in- 
formation on stall-type 
barns and loose-housing 
systems—help you plan for 
efficient production. For 
copy of one, or both— 


Write to 
STRAN-STEEL DIVISION 


GREAT LAKES STEEL CORPORATION “2° 


Ecorse, Detroit 29, Mich. 
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Stran-Steel Division 
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the greater the need for HYATT BEARINGS! 


Not an atomic tank, but a “king-sized Cat’’—used to 
clear mesquite from Texas ranches. Built by the Peterson 
Tractor & Equipment Company, of San Leandro, California, 
the giant tractor pictured above is actually two Caterpillar 
D-8’s joined together—each with the inner track 

and driving mechanism removed. And in the new final 
drives—necessary because of increased ground clearance— 
the builders naturally used Hyatt Roller Bearings, 

the same precision bearings as those used throughout the 
standard tractors. As always, Hyatts were specified 
because they can be counted on to hold maintenance 
costs to a minimum while reducing friction and wear. 


HYATT BEARINGS DIVISION e¢ GENERAL MOTORS CORPORATION e¢ HARRISON, NEW JERSEY 
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VALUATION of systems and design of equipment for 
E processing operations such as artificial drying of grain 

usually require information on three aspects of the 
basic process: (a) the amount of energy required, (+) the 
rate at which the process may be made to proceed, and (¢) 
the extent to which the process may be carried, or the 
equilibrium point. 

This study is concerned primarily with the first aspect of 
the basic process, the determination of the energy required 
to vaporize grain moisture during a drying process. The 
experimental method required the determination of drying 
rates for calculation of heat requirement, but the magnitude 
of the drying rate was not studied with regard to grain 
properties and air conditions. There are several sources of 
information on the equilibrium relationship between the 
relative humidity and temperature of the air, and the grain 
moisture. These are of value only as they facilitate semi- 
theoretical methods for predicting heat requirements from 
vapor pressure data by thermodynamic considerations. 

Experience with grain-drying processes has indicated that 
the energy required to evaporate a quantity of moisture from 
grain is near that required to evaporate the same amount of 
free water over the range of moisture contents encountered 
in commercial drying operations. Since grain is a hygro- 
scopic material, i.e., it exhibits a vapor pressure less than 
that of free water at the same temperature, it would be ex- 
pected that the heat requirement would be somewhat above 
that for free water and that there would be an increase in 
this quantity as drying is carried to lower moisture levels. 
This supposition is verified by limited data on grain-drying 
processes and from study of other hygroscopic materials. 

There is little information available on the manner in 
which the energy requirement is dependent on the type of 
grain, moisture content, drying temperature, and drying rate. 
This paper describes a method of measuring the heat of 
vaporization and the results obtained in drying tests on 
wheat and shelled corn. 


Heat of Vaporization Predicted from 
Vapor Pressure Data 


Hygroscopic materials such as grain contain moisture 
which is held within the material by physical and chemical 
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...In Wheat and Shelled Corn 
During the Process of Artificial Drying 


forces. The exact mechanism which is effective in the attach- 
ment of water in the colloidal material of the grain kernel is 
not fully understood. According to Henderson (7)* the 
predominant fixing mechanism is adsorption, although solu- 
tion, hydration, chemical combination, and capillarity are 
factors which may be present. 

“Adsorption” refers to the phenomena associated with 
the retention and concentration of molecules on solid sur- 
faces; it occurs on the surface of a solid substance because 
of the existence of certain surface forces. When a gas or 
vapor is exposed to the solid, the gas molecules become 
distributed between the gas phase and the adsorbed phase; 
the concentration of the gas in the adsorbed phase proceeds 
until a condition of equilibrium is reached. The amount of 
gas or vapor adsorbed depends on the nature of the gas and 
the solid, temperature, and pressure of the gas or vapor. 

Biochemical changes occur so slowly in grain containing 
up to 14 percent moisture that it is difficult to detect respira- 
tion of the living cells. According to Kretovich (8), the 
explanation of this fact lies in the theory of bound water, 
i.e., water which is so bound to the grain colloids, particu- 
larly proteinaceous substances, that it cannot serve as a 
solvent and medium in which biochemical changes can oc- 
cur in the living cell. Also, it has been noted that such water 
does not freeze at temperatures below the freezing point of 
free water. Kretovich presents data on the proportion of 
free and bound water for various moisture contents of 
wheat; at a moisture content of 15.6 percent, over 90 percent 
of the total water in the grain is reported as bound water 
and at a moisture content of 30 percent free and bound 
water are present in about equal quantities. (The moisture 
contents are in percent wet basis. ) 

Grain-drying processes, which usually lower the moisture 
content to 12 to 14 percent, apparently involve the removal 
of both free and bound or adsorbed water. 

The heat required for a phase change may be predicted 
from thermodynamic considerations. Othmer (11) devised 
a method using vapor pressures at different temperatures and 
based upon the Clapeyron equation. This equation is devel- 
oped and applied in thermodynamics texts, e.g., Glasstone 
(5); it may be expressed in the form 


dP/aT =L/(V—v)T 


where P=vapor pressure 
T =absolute temperature 
V =specific volume of saturated vapor 
v=specific volume of saturated liquid 
L=heat of vaporization at average temperature, T. 


*Numbers in parentheses refer to the appended bibliography. 
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If the vapor is assumed to behave as an ideal gas and the 
volume of the liquid is neglected, the equation becomes 
dP/dT =LP/RT? 

where R= gas constant. 


This form is known as the Clausius-Clapeyron equation. 
The method of Othmer makes use of the preceding equation 
to predict the heat of vaporization of one liquid if the heat 
of vaporization of another liquid is known at the same tem- 
perature and there is available vapor-pressure data for the 
two liquids. The equation developed is 

log P=L/L' log P’+C 
where P=vapor pressure of one liquid 
P’=vapor pressure of second liquid 
L=heat of vaporization of first liquid 
L'=heat of vaporization of second liquid 
C=constant of integration. 


It is evident from the above equations that if the vapor 
pressures are plotted on a log-log chart, the slope of the 
resulting line will be equal to the ratio of the heats of vapor- 
ization. This method was used by Gallaher (3) to predict 
the heat of vaporization of moisture in wheat. In the case of 
grain moisture the most convenient reference liquid is free 
water since abundant data for this substance are available in 
the form of steam tables. 

The preceding method of predicting heat gf vaporiza- 
tion is based on equilibrium vapor-pressure data. The equi- 
librium condition does not prevail during a drying process; 
in fact it is the non-equilibrium condition, with respect to 
vapor pressures of moisture in grain and that in the drying 
air, which provides the potential o: driving force for the 
drying process. Some indications of the nature of moisture 
gradients which may be existent within the kernels during 
drying is given by MacMasters (9) in the statement that 
most of the corn kernel is covered with a thick layer of 
relatively waterproof material, and that the open type of 
tissue at the tip of the grain kernel is probably the exit space 
for moisture during the drying process. 

The non-equilibrium condition which prevails during a 
drying process is a limitation in application of the Clausius- 
Clapeyron equation. During a drying process, the grain ker- 
nels may have a certain mean moisture content measured by 
weighing, but this is not necessarily the moisture content at 
the regions where vaporization is actually occurring. The 
grain kernel is composed of a somewhat dense material 
which offers resistance to the movement of moisture from 
the interior to the surface in contact with the ambient air. 
Moreover, the particle is non-uniform in shape and also 
heterogeneous in physical and chemical properties. 

Even with these limitations, it is of interest to investigate 
the predicted values of the heat of vaporization of water in 
grain of various moisture contents based on equilibrium 
vapor-pressure data. According to the equations derived 
from thermodynamic considerations, the heat of vaporization 
of a liquid, (for example, the heat of vaporization of water 
in grain at a given moisture content), may be calculated if 
the vapor pressure, temperature, and rate of change of vapor 
pressure with temperature can be measured. Several studies 
of the equilibrium conditions between various types of grain 
and ambient air have been conducted. However, since the 
rate of change of vapor pressure with temperature must be 
known, only those studies which include temperature as a 
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() WHEAT, FROM HENDERSON 
EQUILIBRIUM EQUATION 


(2) SHELLED CORN, FROM HENDERSON 


EQUILIBRIUM =EQUATION 
(3) WHEAT, BY GALAHER USING DATA 
Gay 
(4) WHEAT, FROM DATA OF KRETOVICH 
(5) SHELLED CORN, 


FROM DATA 


RATIO OF LATENT HEATS, be 


MOISTURE CONTENT, % ORY BASIS 
Fig. 1 Variation in heat of vaporization with moisture content, 
calculated from vapor-pressure data 


pertinent variable are useful in supplying data for applica- 
tion of the Clausius-Clapeyron equation for calculating heat 
of vaporization. Several workers have mentioned a shift in 
equilibrium with change in temperature, but only meager 
quantitative data are available. 

Fig. 1 shows the variation in heat requirement with 
moisture content as calculated by the method of Othmer and 
using vapor-pressure data from various sources as indicated 
on the graph. It is apparent that rather accurate data on the 
moisture-relative humidity-temperature relation for hygro- 
scopic materials, such as wheat or shelled corn, must be 
available if the heat required for vaporization is to be cal- 
culated by methods based on the Clausius-Clapeyron equa- 
tion. However, the results of calculations based on vapor- 
pressure data from various sources indicate that the heat re- 
quirement would increase during a drying process on wheat 
or shelled corn, particularly if the moisture content is re- 
duced to less than 12 to 14 percent dry basis. 

Only limited experimental work has been done on the 
direct determination of the heat of vaporization for hygro- 
scopic materials in general. The work of Argue and Maass 
(1) on cellulose and wood pulp shows an increase in heat 
requirement with decreasing moisture content. These data 
were obtained by measuring the heat of wetting (heat of 
adsorption) rather than heat of vaporization or heat of 
desorption. Newsome and Sheppard (10) reported similar 
work on cellulose acetate. Babbitt (2) calculated heats of 
adsorption by the Clapeyron equation in his analysis of the 
absorption of water by cellulose. 

Gregory (6) developed an experimental method for 
measuring directly the heat of vaporization of moisture in 
wheat during a drying process. The results of tests made at 
two drying temperatures showed heat requirements which 
were somewhat greater than those predicted by Gallaher (3) 
using the Clapeyron equation and vapor-pressure data. 


Experimental Method 


In view of the difficulties encountered in calculating the 
amount of heat required to vaporize grain moisture and of 
the uncertainty involved in applying the results to actual 
drying processes for wheat and shelled corn, a method was 
developed for measuring directly the heat requirement dur- 
ing a drying process. This experimental procedure made pos- 
sible the measurement of heat required at various moisture 
contents during drying processes at different temperatures 
and beginning from different initial grain moisture contents. 
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Fig. 2 Drying pan and heater assembly 


The method employed was based on the measurement of 
the sensible heat loss of an air stream flowing through a 
thin layer of grain; it was developed by modification and 
refinement of the procedure used by Gregory (6) in meas- 
urement of heat required for vaporizing moisture in wheat; 
Drying of the grain layer was effected under such condi- 
tions that essentially all heat lost by the air in passage 
through the grain layer was used to vaporize grain moisture. 
Measurement of the rate of moisture removal during the 
process provided the additional information required to 
calculate the heat supplied per unit cf water evaporated. 

The grain being dried was contained in a pan with a 
screen-mesh bottom. The construction of the grain container 
with attached flow-measuring apparatus is illustrated in Fig. 
2. Immediately above the grain pan was an electrical heater 
made of nichrome wire and placed to uniformly cover the 
area of the air flow path. A thermopile, exactly like the 
thermopile used at the grain layer, was placed with alternate 
thermocouples above and below the heating element, thus 
providing a means of measuring temperature increase in the 
air stream. Fig. 3 is a schematic diagram of the thermo- 
piles used to measure temperature change of the air in 
passing through the grain and heater sections. 

Similar heat exchange equations may be written for the 
grain layer and heater section: 


Ow ee 2 ke we ee ee hs 
Qu=C WAT ee a a ee {2} 
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Fig. 4 (Left) Drying chamber with balance mounted above. The 

micromanometer was used to regulate air pressure in the plenum 

chamber below «+ Fig.5 (Right) Drying pan and heater assembly 
with suspension rod and electrical contacts 


TO RECORDING POTENTIOMETER 


Fig. 3 Schematic drawing of thermopile 


where W’ =weight rate of air flow 
C=thermal capacity 
Qc =heat loss of air in grain layer 
Qn =heat gain of air in heater section 
AT¢=temperature drop of air through grain layer 
AT}, =temperature rise of air through heater section. 


Since the energy input to the heater could be measured 
by an ammeter and voltmeter, equations [1} and [2} are 
conveniently combined: 


O¢=(AT6/A Tu) Qu We ee ee ee {3} 


Equation [3] demands that exactly the same flow rate be 
maintained through the grain layer and heater section; con- 
struction of the grain pan-heater assembly was such that this 
was ensured. 

According to equation [3], the heat supplied to the 
layer of grain may be determined by measurement of two 
temperature differences and the energy supplied to the flow 
measurement heater. Since the magnitude of both AT, and 
AT was relatively small, less than 2 F, a linear relation may 
be assumed between temperature difference and voltage gen- 
erated by the thermocouples. Thus it was necessary to meas- 
ure only the ratio between two thermal voltages. 

To find heat supplied per unit of water evaporated at any 
time and moisture content during the drying process, the 
rate of drying must be known at the time under considera- 
tion. The weight of the grain was recorded at intervals 
during a test; this provided data for a drying curve of weight 
vs. time. The rate of drying, dM/dt, where M is weight of 
grain and ¢ is time, was found by a numerical method. This 
factor may be incorporated in equation [3] to yield an ex- 
pression for the desired quantity, heat per unit of water 
evaporated. 

fen ATe Qu 
AT x dM/dt 
where L=heat required per unit of water vaporized. 


The drying chamber, shown in Fig. 4, was constructed 
of 22-gage sheet metal. The central duct in which the drying 
pan assembly was suspended, was 9 in in diameter and in- 
sulated by 3 in of vermiculite insulation. Surrounding this 
duct was a shell, annular in cross section, through which 
flowed a part of the total air flow supplied to the entire 
drying chamber. The shell was enclosed by another double 
wall of 114 in thickness containing vermiculite insulation. 

Air for the drying process was heated to the desired 
temperature by electrical strip heaters upstream of the drying 
chamber. In order to obtain constant air temperature at the 
drying chamber, it was necessary to maintain a constant flow 
rate over these heaters, since it was not feasible to install 
temperature-regulating equipment sensitive enough to main- 
tain the desired constant temperature with the variable-flow 
rates. The central duct and the shell were provided with 
variable openings at the air outlets. When it was desired to 
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change the air flow rate through the central duct, these open- 
ings were so adjusted that a constant static pressure under 
the drying chamber was maintained. Thus only the fractions 
of the total flow going to the two flow channels was 
changed; the total flow was constant and, there was no tem- 
perature change in air delivered by the upstream heaters. 

Because it was necessary to periodically weigh the com- 
plete grain pan assembly, a damper was provided in the 
central duct for stopping the air flow momentarily, while the 
scale was balanced. 

To ensure that air would be forced through the grain in 
the pan and that the flow rate through the pan would be the 
same after each weighing, a mercury seal was used at the 
bottom edge of the drying pan. The seal consisted of a ring 
of mercury, contained in a plywood groove, into which the 
bottom edge of the drying pan was immersed except during 
weighing when the pan was suspended from the balance. 

Similar thermopiles were used for the grain layer and the 
flow measuring heater. These thermopiles, shown schemati- 
cally in Fig. 3, consisted of twelve pairs of copper-constantan 
thermocouples placed to uniformly cover the area of the flow 
path. The use of twelve pairs of sensing elements resulted 
in an average reading for the cross section where they were 
located, and, since the voltages of thermocouples in series 
are additive, the sensing elements provided thermal voltages 
of sufficient magnitude to be accurately measured and re- 
corded by the potentiometer available. 

The drying pan and heater section assembly is shown in 
Fig. 5. 

A 16-point Brown Electronik recording poténtiometer 
was used to record the thermal voltages. This instrument 
originally had a range of about 3 mv; however,:since the 
temperature differences to be measured by the thermopiles 
were less than 2 F, the resistances in the internal circuit of 
the instrument were changed to produce a full scale deflec- 
tion of the recorder with an imposed voltage of about 0.8 
mv. It was found that the instrument, altered in this man- 
ner, provided a satisfactory degree of accuracy in measuring 
the thermal voltages for even the small temperature differ- 
ences (less than 0.3 F) which prevailed near the end of a 
drying test when the drying rate was low. 

Alternate terminals of the recorder were short-circuited 
to print a record of the base point or zero voltage. Switching 
in the instrument was automatic and at 15-sec intervals. 
Thus the voltage from each of the two thermopiles was 
measured once each minute. For this instrument, displace- 
ment of the printer was directly proportional to the imposed 
voltage; voltage was assumed to be directly proportional to 
temperature difference without significant error. Hence it 
was unnecessary to calibrate the instrument displacement in 
terms of voltage or temperature, since only a ratio of tem- 
peratures was required; the ratio of displacements was as- 
sumed to be equal to the ratio of temperature differences. 

The temperature-sensitive resistance originally provided 
in the potentiometer circuit for cold-junction compensation 
was replaced by a fixed resistance, since the instrument was 
used to measure small voltages rather than temperature. The 
linearity between potentiometer displacement and imposed 
voltage was checked by feeding voltages to the recorder from 
a Leeds and Northrup portable precision potentiometer. 

All of the thermocouples were located in the drying-pan 
assembly; it was necessary to break the electrical circuits dur- 


AGRICULTURAL ENGINEERING for October 1954 
TABLE 1. SUMMARY OF DRYING CONDITIONS 


Initial moisture, % 
Wet bulb Dry bulb 


Drying Temp., 
Grain deg F 
26.0 
26.0 
18.0 
18.0 
18.0 
18.0 
22.0 
26.0 
18.0 
26.0 


Wheat 
Wheat 
Wheat 
Wheat 
Shelled corn 
Shelled corn 
Shelled corn 
Shelled corn 
Shelled corn 
Shelled corn 


35-1 
35-1 
21.9 
21.9 
21.9 
21.9 
28.2 
35-1 
21.9 
35-1 


110 
130 
130 
150 
110 
130 
130 
130 
150 
150 


CO ODOM FWD 
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ing weighing in order to balance the scale quickly and accu- 
rately without interference from the thermopile lead wires or 
the conductors to the flow-rate heater. A set of mercury con- 
tacts was provided; when the drying pan assembly was raised 
in balancing the scale, the points were lifted from the mer- 
cury, thus breaking the circuits during weighing. 

A single thermocouple was placed at the bottom of the 
drying pan near the level of air entrance into the grain layer. 
This thermocouple was connected to a Brown indicating 
potentiometer. The calibration of this instrument was 
checked at the ice point and boiling point of water. 

Energy to the flow-measurement heater was controlled 
manually by a voltage regulator. Although alternating cur- 
rent was used for this heater, the wattage could be deter- 
mined by an ammeter and voltmeter since the heater was 
found to be non-inductive by oscilloscope test. 


Tests on Shelled Cérn and Wheat 


Small lots of grain to be dried were prepared by adding 
water to good quality shelled corn and wheat. Samples of 
shelled corn were prepared to give three moisture levels, 18, 
22 and 26 percent wet basis. Water was added to wheat so 
that two moisture levels, 18 and 26 percent, were available 
for drying tests. No tests were made for at least one week 
after the grain was wetted to ensure moisture equilibrium 
throughout the kernels. The high-moisture grain was kept 
in cold storage at 40 F; several hours were allowed for the 
grain to reach room temperature before being placed in the 
drying chamber. 

In order to evaluate the effect of drying-air temperature 
on heat required to vaporize grain moisture, three tempera- 
tures were used in the series of drying tests, 110, 130 and 
150 F. The use of temperatures in this range provided 
drying-air relative humidities low enough to allow drying to 
moisture contents considerably below the lower moisture 
limits common in commercial drying operations. The ex- 
perimental method required that the drying rates be great 
enough to be measured with a satisfactory degree of accu- 
racy even at the lower moisture contents when the drying 
potential was low. Drying temperatures of 110 to 150 F 
allowed the measurement of temperature drops and drying 
rates with reasonable accuracy at moisture contents as low 
as 9 to 10 percent dry basis. 

The volume of air supplied to the grain layer was rela- 
tively large; in fact, the air-flow rate was always sufficient to 
ensure that the rate of drying was limited by rate of moisture 
movement from the interior to the surface of grain kernels 
rather than by the quantity of air supplied. If the air-flow 
rate through a layer of grain is so great that the temperature 
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drop of the air is very small in passage through the layer, 
the whole layer dries at almost the maximum rate which is 
dependent on properties of grain and air: air temperature 
and humidity, grain temperature, grain moisture content, 
and mass transfer resistance within the material of the grain 
kernels. Under these conditions air-flow rate is not a per- 
tinent variable with regard to drying rate. This type of drying 
process was termed “thin layer’ drying by Page (12) in 
studies of maximum drying rates of shelled corn. The small 
temperature drop across the grain layer allows the assump- 
tion of negligible moisture gradient from bottom to top of 
the layer; moisture content of the grain at any time was 
calculated from weight of the grain. 

The air-flow rate was changed at least once during each 
drying test in order to maintain temperature drops across the 
grain layer in the range of 0.3 to 2.0 F. Wattage supplied 
to the flow-rate heater was regulated to provide about the 
same range of temperature change across the heater section. 
No temperature data from the first 20 min of any test was 
used in calculating heat requirements. During this period 
sensible heat exchange between grain and air could not be 
neglected; some of the heat lost by the airstream was being 
used to raise the grain temperature to the drying tempera- 
ture. Except for this initial warmup period, it was assumed 
that all sensible heat lost by the air was used to vaporize 
grain moisture. 

At the completion of a drying test the sample of grain 
was removed from the drying chamber and placed in an air 
oven for 24hr at 105. The weight of the sample at this 
time was assumed to be the weight of dry matter and all 
calculations of moisture content were based on this method 
of moisture testing. 


Results 


A series of drying tests was designed to provide data on 
heat required to vaporize grain moisture at various moisture 
contents during a drying process. Three drying temperatures 
and three initial moisture contents were used in tests on 
shelled corn; three drying temperatures and two initial 
moisture contents were used in tests on wheat. A summary 
of the tests is shown in Table 1. 

The moisture content during drying was found to have 
the greatest effect on heat requirement. The other factors, 
drying temperature and initial moisture, were of minor 
significance over the range of temperatures and moisture 
levels covered in these tests. 


—CALCULATED BY GALLAHER 
IE SSURE 


~ 
<- CALCULATED FROM 
HENDERSON EQUILIBRIUM 


EQUATION <— EXPERIMENTAL AVERAGE 


BTU PER LB. WATER 


CALCULATED FROM 
_/-—NAPOR PRESSURE 
DATA OF THOMPSON 


<- EXPERIMENTAL AVERAGE 
FOR SHELLED CORN. 


HEAT — REQUIREMENT, 


20 22 24 
MOISTURE CONTENT, % ORY BASIS 


Fig. 6 Average experimental heat requirement for wheat and shelled 
corn compared with values predicted from vapor-pressure data 
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The drying tests on wheat and shelled corn indicated a 
moderate increase in heat required to vaporize grain mois- 
ture as the drying process was carried to lower moisture levels. 

Data were obtained for a total moisture range of about 
8 to 22 percent dry basis, but it was not possible to measure 
heat requirement for this range of moistures in any one test. 
Use of high temperature (150 F) caused the drying rates 
during the first part of a test to be so great that the moisture 
content was considerably below the initial moisture before 
any data could be obtained which was satisfactory for use in 
calculating heat requirement. The use of the lower drying 
temperature (110 F) facilitated measurements at the rela- 
tively high moisture contents but drying rates soon became 
so low that they could not be measured with the desired 
accuracy. Different initial moistures and temperatures re- 
sulted in different ranges of moisture content covered in the 
various tests. 


Drying temperature and initial moisture had no marked 
effect on the measured heat requirement at any given mois- 
ture content, even when drying rates and potentials causing 
moisture gradient within the kernels were greatly different. 
For example, at the 12 percent moisture level, shelled corn 
required 1080 Btu per lb of water in test No. 5 at a drying 
temperature of 110 F and the drying rate was 0.05 g per min. 
Test No. 9 (150 F) resulted in a drying rate of 0.199 g per 
min at a moisture of 12 percent and the heat requizement 
was 1120 Btu per Ib of water. Even though one drying rate 
was almost four times the other, the difference in heat 
requirement is not considered significant. 

These results indicate that the average kernel moisture 
content as computed from the weight of the sample provides 
a fairly accurate measure of the moisture content at the 
region of vaporization. Therefore it is reasonable to assume 
that the kernel during drying consists of a relatively moisture 
impervious layer surrounding water-permeable material with 
a fairly uniform moisture content. Thus the moisture 
gradient, though necessarily present during drying, would 
have but little influence on the heat required for moisture 
vaporization at a given average kernel moisture content. 

Since heat requirement was found to be essentially de- 
pendent only upon moisture content, the results of the 
various tests were averaged and a curve of average heat 
requirement versus moisture content was plotted for each 
of the grains, wheat and shelled corn, in Fig. 6. These aver- 
age curves represent all of the data within 5 percent. A 
comparison of the average experimental heat requirement 
with the values calculated from vapor-pressure data is also 
shown in Fig. 6. 

The average curves for both wheat and shelled corn show 
a heat requirement of 1080 Btu per lb of water at a moisture 
content of 14 percent dry basis, which is about the lower 
limit of moisture for most actual drying installations. This 
is approximately 6 percent above the heat of vaporization of 
free water in the temperature range of these tests. Thus it 
appears that the greater part of the water removed from 
grain in most full-scale drying processes is evaporated at 
moisture levels such that the hygroscopic or moisture-binding 
effect results in no marked increase in energy required for 
moisture vaporization. Some drying systems utilize air-flow 
rates and temperatures which result in considerable over- 
drying of a part of the grain; therefore, moisture contents 

(Continued on page 714) 
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New Farmall Tractor Torque Amplifier 


Henry A. Ferguson 


INCE March of this year the International Harvester 
Company has been delivering the new Farmall Super 
M-TA tractor equipped with a transmission drive pro- 

viding considerable advancement in tractor operation by its 
ability to do more work than ever before. This new tractor 
succeeds the former Farmall Super-M and is, to the best of 
our knowledge, the first production unit in the industry to 
embody the “torque amplifier,” a compound spur-gear- 
planetary speed-reduction unit installed between the engine 
master clutch and the conventional five-speed sliding-gear 
transmission. 

The tractor equipped with the torque-amplifier drive is 
shown in Fig. 1. This new feature is compacted into the 
over-all silhouette of the tractor so that all principal tillage, 
planting, and harvesting tools can be used without change. 
The torque amplifier provides five (5) additional forward 
speeds and one (1) additional reverse speed to give a total 
of ten (10) forward and two (2) reverse speeds for tractor 
propulsion. The tractor operator can instantly reduce travel 


Paper presented at the annual meeting of the American Society 
of Agricultural Engineers at Minneapolis, Minn., June, 1954, on a 
program arranged by the Power and Machinery Division. 

The author—HENrY A. FERGUSON—is divisional chief engineer, 
advanced engineering group, farm tractor division, International 
Harvester Co. 


Fig. 3 Close-up of interlinking levers connecting the master engine 
clutch and torque-amplifier clutch 


. . A Planetary Drive Unit Providing Additional 


Forward and Reverse Travel Speeds 


speed 33 percent and, at the same time, increase drawbar 
pull up to 45 percent in any selected gear without stopping, 
without declutching, without shifting, and without touching 
the governor control or throttle setting. The power flow to 
the rear wheels is uninterrupted and the operation of the 
torque amplifier is quickly and easily controlled by means of 
a lever at the left side of the driver. 
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Fig. 4 Sectional side view of the torque-amplifier mechanism 
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The control linkage and levers adjacent to the torque- 
amplifier handle and clutch pedal are shown in Fig. 2. This 
mechanical cross-linkage system actuates the torque-amplifier 
where it is required to negotiate loads caused by changing 
soil or field conditions, and provides a simple means for 
keeping a proper relationship between the torque-amplifier 
clutch and master engine clutch. 

Fig. 3 is a close-up of the interlinking levers connecting 
the master engine clutch and torque-amplifier clutch so that 
the latter is also disengaged when the clutch pedal is fully 
depressed. This feature is necessary for certain field opera- 
tions in order to allow easy selective shifting of the conven- 
tional sliding-gear transmission. 

A sectional side view of the torque-amplifier mechanism 
is shown in Fig. 4. When the torque-amplifier clutch is 
disengaged to provide the torque-amplified speeds in the 
transmission proper, power from the engine master clutch is 


v 


Fig. 6 (Upper Left) The complete clutch housing removed from tractor ° 


compartment °¢ 


Fig. 8 (Lower Left) Clutch housing with top cover removed * 
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delivered to the input sun gear and transferred through three 
planet-cluster pinions by tooth contacts at A and B, respec- 
tively, thereby delivering power to the output sun gear and 
into the transmission. Under these conditions the carrier tends 
to react counter to engine rotation and is constrained from 
movement by means of the cam and roller one-way or over- 
running clutch. 

When the torque-amplifier clutch is engaged to provide 
direct speeds in the transmission proper, power from the 
master engine clutch is divided at the junction of the input 
sun-gear shaft and torque-amplifier clutch disk hub so that 
approximately 33 percent is transmitted through the torque- 
amplifier clutch into the carrier of the cluster planet pinions. 
The remaining 67 percent of the input power is passed 
through the input sun gear to the three planet pinions at A. 
This power joins that of the carrier at B and total power 
therefore flows through the output sun gear and into the 


Fig. 7 (Upper Right) A view of the engine master-clutch 
Fig.9 (Lower Right) Engine clutch-release 


mechanism disassembled 
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Fig.5 Chart showing effect of the torque amplifier on the transmis- 
sion and final-drive gear ratios. (Engine governed speed, 1450 rpm; 
12x38 tires; 28.6 R.R.) 


transmission. In this condition there is no relative motion 
between the planets and sun gears. The carrier, however, 
revolves in the same direction and at the same speed as 
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the engine so that the entire torque-amplifier gear train ro- 
tates in a locked or one-to-one drive. The cam-roller over- 
running clutch freewheels. 

The input sun gear is journaled in needle bearings in 
the carrier and constrained from axial movement by bronze 
thrust washers. The output sun gear is journaled in a ball 
bearing and a pilot needle bearing inserted inside of the 
input sun gear. The carrier member ts mounted on ball 
bearings and supports the torque-amplifier clutch assembly. 

Each planet pinion cluster is journaled on hardened 
rollers running on a hardened steel pinion shaft. End move- 
ment of the planet pinions is constrained by means of steel 
thrust washers. All gears are carburize-hardened to pro- 
vide sufficient strength in compression and bending. 

The overrunning clutch cage includes the cam or ramp 
surfaces for engaging eight (8) rollers and is flame-hard- 
ened to withstand the compressive stresses imposed. Each 
roller is teased into engagement by a hard bronze pin and 
spring held for initial assembly by a neoprene plug. 

The torque-amplifier gear train is a standard 14 diame- 
tral-pitch spur-tooth system. The input sun gear has 23 
teeth. Cluster planet pinion portion A has 28 teeth, while 
its associated portion B has 23 teeth. The output sun 
gear has 28 teeth. Hence, in torque-amplifier drive the en- 
gine torque is multiplied by the ratio 1.482 to 1. However, 
when in direct drive there is no torque multiplication. 

The effect of the torque-amplifier on the transmission 
and final-drive-gear ratios is shown on Fig. 5. The normal 
or conventional first-speed ratio of the transmission is 6.68 
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Fig. 10 (Upper Right) The torque-amplifier clutch disassembled 
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ponent parts of the torque-amplifier gear train 
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Fig. 17 Performance chart indicating greatly increased working 
ability of the torque-amplified tractor 


to 1. When the operator shifts to TA, the engine torque is 
multiplied 9.9 to 1. Hence, with a fixed final-drive ratio of 
14.8 to 1, the over-all transmission and final-drive ratio 
changes from 98.8 to 146.4 to 1. This large transmission 
and final-drive ratio provides a tractor creeper speed of 1.69 
mph. In fifth speed, the torque-amplifier action provides a 
total over-all ratio of 21.9 to 1 to produce a 11.27-mph 
intermediate transport ground speed. 


In order to appreciate more fully the simple, compact 
construction of the torque-amplifier and visualize the work 
done through these parts, the reader is referred to the fol- 
lowing series of accompanying illustrations showing a dis- 
assembly of the clutch housing: Fig. 6 shows the complete 
clutch housing removed from the tractor, and Fig. 7 is a 
view of the engine master-clutch compartment. Fig. 8 gives 
a view of the clutch-housing with the top cover removed, 
and Fig. 9 shows the engine clutch-release mechanism dis- 
assembled. Fig. 10 shows the torque-amplifier clutch 
disassembled, and the component parts of the torque-ampli- 
fier gear train are shown in Figs. 11, 12, and 13. Fig. 14 is 
a view of the bare clutch housing. 

The center or torque-amplifier clutch compartment is a 
dry pocket. The torque-amplifier as a planetary unit is 
lubricated with transmission oil in a double-circulatory sys- 
tem. The primary flow of SAE 80 oil is pumped from the 
bottom of the clutch housing by the independent power take- 
off front drive gears located ahead of the torque-amplifier 
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Fig. 15 Chart showing actual ground speeds of tractor with 
torque-amplifier drive 


Estimated Maximum Pounds Pull on 12-38-in. Tires 


Percent increase 


* 5100 pounds it maximum pull obtoinable with the ollowable weight on 12 38 in ties without eacesiling 16% shppoge 
Fig. 16 Chart showing pulling force of tractor at speeds shown 
in Fig. 15 
clutch. This oil collects in a trough, drains through a gal- 
lery passage into the torque-amplifier compartment bowl, 
and overflows a dam to drain down into the bottom of the 
clutch housing. A second path of oil from the rear-frame 
left trough also pours into the torque-amplifier bowl. This 
added oil also overflows the dam and drains into the clutch 
housing seeking a level established by a hole in the mating 
flanges of the clutch housing and rear frame. This bowl- 
type circulatory system assures sufficient uphill lubrication 
as well as downhill oil clearance. Lip-type oil seals on the 
input sun gear and carrier keep the torque-amplifier clutch 

compartment dry. 
Actual ground speeds of the new Farmall torque-ampli- 
fier tractor are shown in Fig. 15. The torque-amplifier drive 


Fig. 18 The heart and muscle of the torque-amplifier drive 
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is designed to allow the operator to downshift to the next 
lower speed without interruption of power. It should be 
noted that two (2) new speeds of 1% mph and 11% mph 
approximately are available for creeper and intermediate 
transport work, respectively. The pulling force at these 
speeds is shown in Fig. 16 indicating actual drawbar pull 
available at the wheels. 


Fig. 17 is further indication of the greatly increased 
working ability of the torque-amplified tractor. Normal 
over-all tractor performance curves of each selected gear 
are displaced when operating in torque-amplifier to drive 
form new useable working areas bounded under the traction 
limitation line. 

A working zone for heavy-duty plowing is also plotted 
on this performance chart to show how the torque-amplifier 
will assist in selecting more economical engine operating 
speeds. The following illustration indicates how the new 
torque-amplifier drive will plow up to two (2) more acres 
of work per day with less strain on the farmer. A Farmall 
Super M-TA tractor operating in third gear and pulling four 
14-in bottom plows through 8-in deep clay soil may load the 
engine sufficiently and economically until the operator hits 
a spot in the field where the soil is hard and tough. When 
the engine begins to labor and lower its speed, the operator 
merely pulls the torque-amplifier hand lever back throwing 
the tractor into third torque-amplifier speed. This action 
allows the engine to immediately approach normal governed 
speed. However, when the hard spot in the field is passed, 
the operator releases the torque-amplifier hand lever allow- 
ing the tractor to return to direct drive so that the engine 
again operates at the more economical speed. 

Fig. 18 shows the heart and muscle of the torque-ampli- 
fier drive. This device is strong and durable for a long 
working life in the field as thousands of test hours have al- 
ready proven. The structure is basically simple in design 
and even serves as its own pump to lubricate the innermost 
bearings and gears. Even the torque-amplifier clutch ad- 
justments are simple and easy at outside levers. The torque- 
amplifier action is fast and effective in changing tractor 
speed instantaneously on the go. The torque-amplifier drive 
has already justified its existence by proving that it will do 
more work per day and thereby provide greater profit for 
the owner. 


Heat to Vaporize Moisture 
(Continued from page 709) 
may become low enough to provide exception to the pre- 
ceding statement. 

As drying progressed to lower moisture contents, fur- 
ther increases in the heat requirement were noted. At a 
grain moisture of 10 percent dry basis the heat requirement 
was about 15 to 20 percent above that for free water in the 
temperature range used in the drying tests. 


Conclusions 

The results obtained appear to justify the following 
conclusions: 

1 The heat required for evaporation of moisture in 
wheat and shelled corn may be greater than the heat required 
for evaporation of free water depending on the magnitude 
of the hygroscopic effect at lower moisture contents. 
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2 The heat requirement is primarily a function of grain- 
moisture content and is not significantly dependent upon 
drying temperature and initial moisture. 

3 Over the range of moistures encountered in most 
actual drying systems for wheat and shelled corn, above 14 
percent dry basis, the heat required for vaporization 1s be- 
tween 1.00 and 1.06 times that for vaporization of free water. 


4 If drying is carried to moisture contents below 14 
percent, the heat requirement is further increased; at a 
moisture content of 10 percent dry basis, it is about 1.15 to 
1.20 times that for free water. 


5 For calculations dealing with the moisture-time rela- 
tion in most drying systems, the variation of heat require- 
ment with moisture content is not sufficient to preclude the 
assumption of a constant value for this quantity, thus facil- 
itating such analysis. 


BIBLIOGRAPHY 


1 Argue, G. H., and Maass, O., Measurements of the heats of 
wetting of cellulose and wood pulp, Canadian J. Res. 12 : 564 
(1953). 


2 Babbitt, J. D., On the adsorption of water vapor by cellulose, 
Canadian J. Res. 20A : 143 (1942). 


3 Gallaher, G. L., A method of determining the latent heat of 
agricultural crops, AGRICULTURAL ENGINEERING 32 : 34 (1951). 

4 Gay, F. J., Effect of temperature on moisture content—equi- 
librium of wheat, Journal Council for Scientific and Industrial Re- 
search (Australia), 19 : 187-89 (1946). 


5 Glasstone, Samuel, Thermodynamics for chemists, New York, 
D. Van Nostrand Co. (1947). 


6 Gregory, R. M., Heat requirements in the removal of hygro- 
scopic moisture in wheat, unpublished thesis, Purdue University 
(1951). 


7 Henderson, S. M., A basic concept of equilibrium moisture, 
AGRICULTURAL ENGINEERING 33 : 20-32 (1952). 


8 Kretovich, V. L., Physiologico—biochemical basis for the stor- 
age of wheat. Translation from Russian by K. Stan Chester. Izdatrls- 
tvo Akademii Nauk USSR (1945). 


9 MacMasters, M. M., Grain structure and grain storage, 
Bureau of Agricultural and Industrial Chemistry, Bul. 348, U.S. 
Dept. of Agr. (1953). 


10 Newsome, P. T., and Sheppard, S. E., The sorption of wa- 
ter vapor by cellulose and its derivatives,” J. Phys. Chem. 36 : 930 
(1932). 

11 Othmer, Donald F., Correlating vapor pressure and latent 
heat data, Jour. of Ind. and Engr. Chem. 32 : 841-56 (1940). 

12 Page, G. E., Factors influencing the maximum rates of air 
drying shelled corn in thin layers, unpublished thesis, Purdue Uni- 
versity (1949). 

13 Thompson, H. J., Moisture equilibrium studies on grains, 
unpublished report. Bureau of Plant Industry, Soils, and Agricul- 
tural Engineering, U.S. Dept. of Agri. (1953). 


Engineering Ethics 

anes engineering employers habitually and regularly 

insist that engineers shall know their ethics, just as they 
insist that engineers shall be technically competent, they will 
have gone a long way toward giving engineers professional 
standing. Then, and not until then, will engineers enjoy the 
professional standing of physicians and lawyers in the em- 
ploy of corporations. 

Once the employer has given his engineers full profes- 
sional standing, he can safely discard the countless rules and 
regulations of the familiar employees’ handbook, as far as 
his engineers are concerned.—Clement J. Freund in Midwest 
Engineer for August, 1954. 


aap len Me a aa ron oe ee Dee es oe c a a ,Y 2 oe > 
Fa an Vee Soe eet os * a namical tS hae 
Gat: Mee tae nae he ‘roe - i ee cn w lo —s frm * ay 2 4a-o tee ~~ oo oe 
fi or ge ee amps, ee ie “eee A eae at + cw 2 fore, bik ee s - 
£3 eee TR BG ete Re Tet en a, y Se Mes at Te ee ; rs feta se Bp og he ee eo ies 
aes cai ae aera Reaecpeti th). tne aoe eens wetnnan ee ers as: oe at alt Pies t Ree ; + bess 
A Na A he Sa Sibet! SEAR i: iock — UCM imay bia sy eae hubs Sout eh Ja Aaa ter 7 wegen ; dar Be ees 
ey ee ay oe ca wus Nae. Mami EeaMaanaash Cie SC ecm opera reat ey OY ees : *¥: ir ice & pia ares 
ic hee . ag Be pies) je GOCE ik ke at ON A By Dae an we. ‘ epuaN ies, We ot Bre a Sotegs 
Vion to i toe SP : eo a ee ee ‘ Pe eee ee eee vga oes 3 
sivas. ee a hae ? . re eee eR ee al ene 
"ii. ee pee cet t Sadicad a 4 CPS A SS ee eae 
aoe > es 
ay See a ot 
Ask pace be 
Aaa £ a 
Saas i 
Secs 
eens Es 7 
te ee Tate Sy FR] 
Bo i Es “ea r 
AVS bis : 
erates 2 i: 
eee ls hae 
gene Stas 
ae ty 
> eee | : ., 
<4 py : 
ea, ME 
fee we OA 
Lames of! r 
Bera tem : 
cpa ‘ 
aa oe j 
obs. at K 
= eee Nae 28 , 
ay ay £ 
at ‘ iz 
5 eau ; 
abe oe & 
Viel a 
hs ¥e 
a <a e 
yt ae a 
ieee. ; 
ee cae : 
yet ky F 
(gocthy ti ae 
tae aaa 
ANeae s i 
pera re” .. 
Pee ea Ais 
a ae i ae 
ooe0 (a2 eee 
al eee aa 
ata By 1 . 7 
oP pada ee  &§ 
ich ae 
de Si 
ee: te : a 
ye eS ae 
Nf ee Oe Tae as 
Re bata ca ee 
hte Coren Se 
hy 9) eS, ee 
oa Sau 3 ae 
Rien | We 
Pet Spee a ie 
ae | Se ae 
ne?” Stee Se 
ae a a 
eee Oe ad 
ee ok on nig 
A ebm. wee 
aes 
as tai utee 8 
; re f 
= Aas 
RS, eens ies 
ies See ES 
“hi Sea ve 
aC Pe ST : 
ee : tek 
heme ee pert 
Py, chee ES é eles 
a ot a ee ee 
Se . Sa oeene z 
fg ae oF 
cor gteeen eh 
it; een a 
co Va se 
= Wee ‘ ‘ 
ers ay en ee 
grey Se 
piel) otek 
Che oc). pe oy 
ete est ae 
Se gon ‘ 
1 aes, es 
eee. 3: ait tee 
ee 23 ; 
ae i: aes a y 
dent a Pe ae 
Wee aie ¥ 
Spe, se ee bee 
ge OS ie : 
fae Gee " 
oot es. 4 ot ues 
i age ee a 
PTS | Sie I 
he Ratan) Bie 
Fo. a gl na Ps 
Bay ET a ei 
aapemeees eo te 
Aine ee % 
= ds ae ' ie 
ate MO ee 
ig es eee a 
ct Sete BS 
Syn oes op ae : 
ge Reo Bao 
Sevl-ae oe DN cn, 
ec, Cae E 
i et eee ao 
Sites he 
oasis a) liege ‘ 
SS een Nua 
Se ACE re 
See ere ic 2 
Sas a 5 ed * 
ee area ie 
Ren ene «sere i 
ae. eae 
28 ee Tres * : 
Scr ie oa 
eet are 
So ee . 
pay oe a 
Peererh 2 ie : 
FS  ee PS 
gs Bi 
eR ah eas gy . 
; OS oa 
ae AW a ® SE ae Bs 
Nevin Sees = 
Darren oad erie, aS 
PERLE ey ES. a 
i eee ee ie 
aneme ry tinh a 
2 eee ats = 
bectee me = 
tee, Ni. a 
Rutan kets : 
meet: |. Mos 
sear tule SR oh 
ci Te aa > 
eae oe 
cay : gt hi? xs 
ie A i Aull ae 
eee a 
Boers. toe . 
rete m 
a aL tes be 
tN pak ; Bs 
rv ot, Sai pd 
eaters 7 
Ptah dea. pile! ‘7 
orien’. Gee ee 
Soll pear ee 
iS rp ea ee ei 
Reo tape bas & 
oat ae Ss: 
Pirate gest aa. : ° ‘ si x ge : Neen eer ea gn oss We ssae ee RS tec) ls ne 
She Ors Bm ea cil epoca aa 3 i pecan Sh. aoe Sree | 4 Rk Ry ERS nS Paps RY eae Seema 
1 ee: a ee ae Sic: <i i rte . oy : Ras amr ak ci 8 2 ae By eS eer 
Botte A aS ee a : BES acs a eae =. cel a Ne a ‘ ri a ine i Disa oe ey ee 
eesti: ae a ace Bee: rie a 2 ee. See a shes) op oa * oe a eke es a eee ‘i relia 
erie | Gee ae Be Re | Lets, Spas meet a i a Bae ee oy ssa 
ete! % Cad is Bs hha Be Oat ores ees a ma, ame af ? ie a a ate - Pe ee 
en agit aia ey, Ne Rock cae 5 a ee ro ad , Ga oe A ~ jet. hoes Seamer 
Ce ing ies eR eS i a eee a ig Ce ee in ed Berea ea hae nee 7 ae eee BGs ae 
ty et ae. a ees bee ie he be ie 2) ag, Ge RR Bi A 


AGRICULTURAL ENGINEERING for October 1954 


Friction Loss in 


Harold E. Gray, Gilbert Levine, M. Bogema 


Member ASAE Assoc. Member ASAE 


OR a number of years the design of portable irrigation 
F mains and laterals has been based upon the friction 
loss as computed by Scobey’s formula: 
K, Lv’ 
Hi=jo00p" °° lt CEE 
where H;= friction loss in feet 
L=length of pipe in feet 
V =mean velocity in feet per second (fps) 
D= internal diameter in feet 
K,= friction coefficient determined by experiment. 

This formula was developed by Scobey from studies 
made of welded steel and analogous pipe. 

The application of Scobey’s formula to portable irriga- 
tion pipe was suggested by Christiansen (1)*. Values of 
K, of 0.34 for 2-in pipe, 0.34 for 2%-in pipe, 0.33 for 3-in 
pipe and 0.32 for 4-in, 5-in and 6-in pipe (16 and 18 gage) 
were suggested. 

With the development of aluminum pipe for use as 
portable irrigation lines, designers have continued to use 
Scobey's formula, with slight modifications in the value: of 
K,. As a typical example one manufacturer gives values of 
K, of 0.34 for 2-in aluminum pipe, 0.33 for 3-in and 0.32 
for other sizes. For portable aluminum pipe with couplers a 
value of 0.40 is suggested for main lines to account for the 
extra loss caused by the couplers (2). 

During the course of a recently completed comprehen- 
sive study of friction losses in aluminum couplers, deter- 
minations were made of the friction loss in the pipe itself. 
Preliminary determinations indicated that the application of 
Scobey's formula to aluminum irrigation pipe was not strictly 
correct. A more complete study was conducted and is the 
subject of this paper. 


Test Equipment and Procedure 


Two 20-ft lengths of 3-in aluminum pipe were selected 
from a stock of pipe which had three seasons of use in 
pasture irrigation experiments. The two lengths of pipe 
were installed in a tandem arrangement as shown in Fig. 1. 
Flow of water was obtained by an electrically driven centri- 
fugal pump. Flow rates were measured by the use of a cali- 


Paper prepared expressly for AGRICULTURAL ENGINEERING. 
This is the first of two articles on the subject of friction loss in 
aluminum irrigation mains and laterals. The second article, re- 
porting a recently completed comprehensive study of friction losses 
in aluminum couplers, will appear in the next issue. 

The authors—Harotp E. Gray, GILBERT LEVINE, and M. Bo- 
GEMA—are, respectively, associate professor and assistant professor 
of agricultural engineering, and professor of hydraulics, Cornell 
University. 

*Numbers in parentheses refer to the appended bibliography. 
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brated orifice. Flow was controlled by a gate valve up- 
stream from the orifice. 

An 8-ft section in each pipe was chosen as the test section. 
Each test section was preceded by a straight pipe section 38 
diameters in length, and followed by a straight pipe section 
10 diameters in length. These distances resulted in uniform 
flow conditions through the pipe test sections. 

Manometer taps were installed in the pipe and connected 
to a multiple-tube water manometer; all pressure readings 
at a given flow rate could be made simultaneously. Read- 
ings for each test section were taken at 20 flow rates. Two 
sets of 20 flow rates in the same range were obtained, each 
by a different individual. The data from the two sets were 
combined for each length of pipe. 

Flow rates were converted to mean velocity using an in- 
side diameter of the pipe of 2.9 in. Velocities ranged from 
2.58 to 7.30 fps (53 to 150 gpm). All flows were well 
within the turbulent range as evidenced by Reynolds num- 
bers of from 48,200 to 136,400. 


Experimental Results 

The heaa loss in the pipe was plotted against velocity of 
flow. The equation for the head loss in each test section, as 
well as for the composite of the two, was determined by the 
method of least squares. These equations established the 
following relations: 


Upstream pipe—HyxV*7 . . . . . [2} 
Downstream pipe—H;xV'7 . . . . . [3} 
Compositedata—H;xV*7* . . . . . [4} 


The statistical analysis of the data showed that the up- 
stream pipe differed significantly from the downstream pipe 
with respect to head loss. From a practical standpoint this 
difference is not important, but it points out the precision 
with which the measurements were made. 

From the above results, and by accepting the principle of 
dimensional analysis, i.e., that the sum of the exponents of 
velocity and pipe diameter is a whole number (in this case 
three), formulas can be written in the general form of the 
Darcy equation as follows: 

E | ae 


Upstream pipe — H,= .30 1000. D9 ‘ - {5} 


: - ZL 
Downstream pipe — H;=.30 es {6} 


EL 
E ite — H;=.30 Sees ks 
Composite 1=-30 T05 =. {7] 


where H, is the loss in feet in a pipe of length L, and the 
coefficient shown is based upon 1000 ft of pipe. 


Discussion of Results 

The first question that arises as a result of 
this investigation concerns the difference be- 
tween the observed results and the Scobey for- 
mula. An analysis by Blasius has shown that for 


Fig. 1 Schematic diagram of test setup for determining friction loss in aluminum pipe hydraulically smooth pipe, between Reynolds 
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numbers of 3000 and 100,000, the value for friction factor, 
f, varies as follows (3): 


f=0.316/Nr°*® . [8] 

If this is substituted in the Darcy equation, using ap- 

propriate values for the density and viscosity of the water, 
the following equation is obtained: 

H;=0.295 (V2-75/D1-25) {9} 

Further evidence is presented by Schoder who proposed 
the following relationships (4): 

For extremely smooth pipes (per 1000 ft) 
H,;=0.30 (V2-75/D*25) 

For fairly smooth pipe 
H,=0.38 (V***/D* 2°) {11} 

Shoder's description of the two categories of pipe are as 
follows: 

Extremely smooth pipes: New seamless-drawn brass, block- 
tin and lead, glass, porcelain-like glazed pipes; all with interior 
surfaces both appearing very even to the eye and feeling very 
firm and smooth to the touch. 

Fairly smooth pipes: All ordinary pipes after a few (say, 
about five, more or less) years in ordinary service, such as 
asphalt-coated cast iron and spiral-riveted steel pipes( latter of 
thin metal and with very flat rivet heads), wrought iron; both 
“black” and galvanized (but the latter in the small sizes may be 
“rough pipes’ even when new), wood stave, reinforced concrete, 
galvanized, spiral-riveted steel. 

Although aluminum pipe is not mentioned in either 
classification, the fact that most aluminum pipe is seamless 
extruded, together with its appearance would seem to indi- 
cate that it would fall in Schoder’s classification as “‘extreme- 
ly smooth pipe,” which is similar to Blasius’ hydraulically 
smooth pipe. This coupled with the close agreement of the 
test results with the Schoder equation would indicate that the 
Scobey formula is not exactly correct for the aluminum pipe. 

Galvanized-steel irrigation pipe closely approximates 
Schoder’s description of fairly smooth pipe and, considering 
the similarity of his equation and Scobey’s formula, it would 
seem that the latter is applicable to this type of pipe. 

A graphical comparison of the two equations and the 
test results is shown in Fig. 2. Head loss in feet per 1000 ft 
is plotted against velocity for the test results, Schoder’s 
formula for extremely smooth pipe and Scobey’s formula 
with a K, of 0.33 (value used for 3-in pipe). Obviously, 
the test results are so close to Schoder’s formula that they can 
be considered to be essentially the same. Scobey’s formula, 
on the other hand, shows greater head loss at a given veloc- 
ity than the other two. This loss does approach the test 
results at the lower velocities (50 to 55 gpm); however, 
these velocities are much lower than those that the pipe 
would normally be designed to carry. At a velocity of 7 fps 
(approximately 150 gpm), Scobey’s formula gives a head 
loss of about 10 ft higher per 1000 ft of pipe than the 
Schoder equation or the test results. 

From a practical design standpoint, this discrepancy may 
not be important. From a scientific viewpoint, however, it 
has value since an equation is available that will more closely 
describe the observed results. In addition, if the head loss in 
the straight pipe were to be used as a reference, the use of 
the Scobey formula would cause proportionately larger er- 
rors. Data from the coupler-loss tests can be used to illu- 
strate the magnitude of this error. 

At a flow rate of 4.8 fps (approximately 100 gpm) the 
head loss per foot of 3-in pipe, using Scobey's formula, is 


{10} 


AGRICULTURAL ENGINEERING for October 1954 


0.031 ft. The excess head loss due to one of the couplers 
tested was 0.084 ft. The resulting equivalent length of pipe 
is 2.7 ft. Using the equation suggested in this paper we 
calculate a straight pipe head loss of 0.028 ft and an 
equivalent length of pipe of 3.0 ft; the difference between 
the results of the two equations is on the order of 10 per- 
cent. Furthermore, at a velocity of 7.0 fps (approximately 
145 gpm), the equivalent length using Scobey’s formula is 
2.5 ft, while for the proposed equation it remains at 3.0 ft. 
The difference is now about 17 percent. The Scobey equa- 
tion results in a decrease in the equivalent length of pipe as 
the velocity increases, and gives a different equivalent length 
for each flow rate. 
CONCLUSIONS 
Results of tests on friction loss in 3-in aluminum pipe 
indicate that this pipe should be classed as Schoder’s ‘‘ex- 
tremely smooth pipe’ or Blasius’ “hydraulically smooth 
pipe’ for determining friction loss. 
The formula developed from these tests is essentially the 
same as that given by Schoder and is as follows: 
- Vi-74 
Hi= 30 7099 —piaé 
The Scobey formula now generally used is not exactly 
applicable to aluminum irrigation pipe. 
There is need to conduct experiments upon other sizes 
of pipe to verify the effect of diameter. In addition, the 
effect of ‘‘aging’’ on aluminum pipe should be studied. 
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Practical Aspects of Draintile Durability 


P. W. Manson and D. G. Miller 


Member ASAE Fellow ASAE 


HE purpose of this paper is to acquaint the agricul- 

tural engineer with the practical aspects of draintile 

durability. These conclusions are the results of ex- 
tensive research conducted at the University of Minnesota 
during the past 35 years as recorded in the four principal 
publications (1, 2, 3, 4).* 


Freezing and Thawing Action 


Clay tile are resistant to the action of both soil acids and 
soil alkalies but unless of good quality will deteriorate from 
frost action. Exact data are meager as to depth and fre- 
quency of frost penetration in farm fields. It is a known 
fact that many clay draintile of low quality have failed which 
have been installed with a soil cover of less than 2 ft in the 
colder regions of the United States. It is poor practice to 
leave clay tile lay on the ground over winter. Even fairly 
soft clay tile will give many years satisfactory service if in 
first-class condition when placed in ditches with a soil cover 
of 2 ft or more. 


In latitudes where freezing and thawing action is not 
much of a problem, it should be kept in mind that high- 
absorption clay products are rarely high-strength products. 
This is important in the drainage field as the present trend is 
to install tile relatively deep in machine-dug ditches con- 
siderably wider than those formerly dug by hand. Further- 
more, the use of heavier farm machinery has increased the 
superimposed load factor. In keeping with good engineer- 
ing practice, the emphasis, therefore, is certain to be toward 
a demand for stronger tile. Fortunately, use of stronger tile 


Paper presented at the annual meeting of the American Society 
of Agricultural Engineers at Minneapolis, Minn., June, 1954, on a 
program arranged by the Power and Machinery Division. 


The authors—P. W. MANSON and D. G. MILLER—are, respec- 
tively, professor and research associate in agricultural engineering, 
University of Minnesota. 


*Numbers in parentheses refer to the appended bibliography. 


TABLE 1. DRAINTILE QUALITY AS RELATED TO AGGREGATE GRADATION 
(Note: All tile are of nominal wall thickness) 


Crushing strengths 
(Sand bearing method), Absorption, Sieve analyses of aggregates, 
ercent 


ercent coarser 


Some Recommendations for Draintile Subject 
to Freezing, Alkali, or Acid Conditions 


will almost automatically bring about the use of tile lower 
in absorption and in turn higher in frost resistance. 


Action of Soil Alkalies 


Where the soil alkalies contain sodium or magnesium 
sulfate, singly or in combination, in quantities in excess of 
3000 ppm (0.30 percent), the soil or soil water in contact 
with concrete draintile should be assumed to be deleterious 
and extra precautions should be taken. 

Observations and tests of many specimens have shown 
convincingly that in the design of concrete mixes for maxi- 
mum durability under sulfate exposure conditions, the pri- 
mary consideration must be low permeability, usually a 
corollary of high unit strength. 

It is in the field of cement chemistry where by far the 
greatest progress has been made in the improvement of the 
performance of concrete exposed to soil sulfates. The im- 
portance of the chemistry of the cement has been shown so 
many times that it is now accepted as a fact, and standard 
specifications have been prepared for sulfate-resisting port- 
land cements in both the United States and Canada, the es- 
sential provision being maximum limitation on the percent 
of the calculated compound tricalcium aluminate (3CaO- 
A120;), commonly abbreviated (CsA). Based on the many 
tests reported on the Minnesota work, the permissible limit 
for C;A should not exceed 5.5 percent. Type V cement of 
the American Society for Testing Materials is such a sulfate- 
resistant cement as is frequently Type II cement. 

Few admixtures used at Minnesota increased sulfate re- 
sistance; most had little or no effect while some were dele- 
terious. High-temperature stream curing, 212 to 350F, 
proved to be an extremely effective means of increasing the 
sulfate resistance of concrete. As yet high-temperature 


steam-cured draintile have not been manufactured on a 
commercial basis. 


Action of Soil Acids 


Practically all concrete draintile so far exam- 
ined have shown some evidence of corrosive ac- 


Extra Standard Below Extra Standard Below |Sieve Extra Standard Below tion where exposed in peats with acidities indi- 
quality quality standard/quality quality standard] No. quality quality standard 


residue 


fineness 
modulus 


TABLE 2. EXAMPLES OF SUITABLE MIXES FOR DRAINTILE 


Standard draintile Extra-quality draintile 


Sizes, 5 to 8-in Sizes, 5 to 8-in 


Cement Cement 

Concrete sand Concrete sand 

Pea gravel Pea gravel 

(F.M. - 364) (F.M. - 3.6) 

(Mix is 1 to 3} by weight) (Mix is 1 to 3 by weight) 


Sizes, 10 to 12-in 
Cement 94 lb 


Extra quality recommended Concrete sand 

for sizes 10 in and larger Pea gravel 
(F.M. - 3.8) . 
(Mix is 1 to 3 by weight) 
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cated by a pH value of 6.0 or less. In general, the degree 
of corrosion varied with the acidity of the peat and the 
length of the exposure period. Rich mixes of high strength 
and low permeability gave the greatest resistance to the ac- 
tion of soil acids. None of the admixtures or special pro- 
cedures used at Minnesota appreciably improved the resist- 
ance of high-strength concrete. 

All concrete draintile installed in peat should be of at 
least the quality required for extra-quality draintile of the 
standard specifications for draintile, ASTM designation 
C4-50T. Concrete in tile of this type will have a compres- 
sive strength of 4000 psi, or more, and an absorption of 8 
percent or less . 


Manufacture of Durable Concrete Draintile 

The quality of clay tile largely depends on the charac- 
teristics of the raw clay or shale and the burning processes. 
Consequently the procedure for manufacturing clay tile is 
pretty well established for any one plant, and, as a result, 
a plant will consistently produce good or poor quality tile. 

On the other hand, there are many details involved in 
the making of concrete tile which can be controlled by the 
producer. The requisites for the manufacture of high-qual- 
ity concrete draintile on the ordinary “ packer-head” machine 
are: (a) well-graded sound aggregates and sufficiert cement, 
(>) maximum of mixing water, (c) ample compactness of 
the materials, and (d) adequate curing. These requisites 
will be briefly discussed in this paper as they are considered 
in detail in the reference (4) noted above. 


Well-Graded Sound Aggregate and Sufficient Cement 

For all practical purposes the principal requirement of 
good grading for draintile of the smaller diameters may be 
expressed briefly as not much less than 40 percent retained 
on the No. 8 sieve with preferably somewhat more than half 
of this 40 percent retained on the No. 4 sieve. Without a 
high proportion of these coarser particles in the mix it will 
be extremely difficult to produce draintile which will be low 
enough in absorption to meet the requirements of ASTM 
C4-50T. The effects on absorption of variations in the ag- 
gregates gradation are shown by the tests recorded in Table 1. 

At best the proportion of the coarser particles in aggre- 
gates suitable for thin-walled tile will always be lower than 
that which theoretically would produce maximum strength. 
The mixes and aggregate combinations of Table 2 are essen- 
tially those used at a number of commercial plants in the 
Middle West which manufacture well-made draintile. Note 
that the mixes for “‘extra-quality” and “standard” tile differ 


chiefly in that the proportions of both cement and pea gravel 
are increased for ‘‘extra-quality” tile. It is difficult to manu- 
facture draintile of the smaller diameters which will be 
consistently high in strength and low in absorption unless 
they are made with rich mixes even though the aggregate 
grading is as coarse as recommended. 


Once the mix has been determined that produces tile 
which meet strength and absorption requirements, the yield 
in the number of tile of the same size per batch becomes a 
measure of uniformity of output. On the basis of the mix of 
Table 2, the maximum yield in tile per sack of cement may 
be expected to be about as follows: : 
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Tile 
Wall 
thickness 


Number of feet of tile per 


sack of cement 
Standard quality Extra quality 


10 Ib 41 36 
14 lb 31 27 
22 |b 19 17 
31 1b —_ 12 
45 lb == 8l, 


Diameter usattes ft 
5 in %6 In 
6in Yg in 
8 in ¥, in 

10 in % in 

12 in lin 


Maximum Mixing Water 

The tendency in making dry-tamped concrete products 
where the jackets are stripped immediately is to use too little 
water in the mix. Fig. 1 shows the appearance of tile made 
with well-graded aggregates and sufficient mixing water. 

The total amount of mixing water, including any surface 
moisture in the aggregates, will not exceed about 314 gal 
per sack of cement. However, it serves little useful purpose 
to express the quantity of mixing water on the accepted basis 
of gallons per sack of cement because the balance between 
the proper amount and too little is very narrow for tile of 
the smaller diameters made on packer-head machines. In 
practice, the usable water will be largely determined by the 
man at the mixer on the basis of apparent workability of 
each batch. 


Ample Compaction of the Materials 

Careful proportioning of the aggregates, cement and 
water docs not insure high strength and low absorption 
draintile unless the resulting stiff mixture is thoroughly com- 
pacted when formed into draintile. 

Draintile of the smaller diameters are usually made on 
a power-driven machine with a vertical shaft, on the lower 
end of which is attached a heavy metal cylinder assembly 
called a “packer head" consisting essentially of a “packer 
ring” or ‘‘troweling ring’ on which are bolted adjustable 
“packer cheeks.’ It is these ‘cheeks’ which compact the 
concrete materials against the jackets used to form the out- 
side of the tile as the packer head revolves. A view of a 
packer-head assembly for 6-in tile is shown in Fig. 2. 


(Continued on page 725) 


Fig.1 (Left) Section of well-made 6-in concrete draintile °¢ 
Fig. 2 (Right) Packer head and adjustable packer rings which form 
the inside of machine-made 6-in draintile 
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Estimating Infiltration 


D. B. Krimgold and O. Beenhouwer 


Member ASAE 


soil of water derived from rainfall, melting snow, and 

irrigation, is one of the determining factors in the mois- 
ture regimen of soils and is therefore of concern in many 
phases of hydrology. Quite naturally then, infiltration was 
one of the factors investigated in developing a method of 
estimating soil moisture in connection with military prob- 
lems in tractionability. 

Infiltration has been thought of and defined differently 
by various people, who have viewed it from the standpoints 
of: soil and moisture conservation—Musgrave (28)*, Ka- 
chinski (13), and others; irrigation—Lewis (23), Kostia- 
kov (16), Mamanina (24), and others; flood control—Hor- 
ton (9), Horner (7), Sherman (30), Cook (4), and 
others; and effects of vegetation on water yields of water- 
sheds—Colman (3). The views and thoughts of various 
soil scientists on the movement of water into and through 
soils have been summarized by Baver in 1940 (1) and by 
Rode in 1952 (29). 

Literally thousands of measurements have been made 
with various devices such as the sprinkling can used by 
Houk in his tests reported in 1921 (11), the ring infiltrom- 
eters used by Lewis (23) and later by Free ef al. (6), and 
the elaborate rainfall simulators developed by the Forest 
Service and the Soil Conservation Service of the U.S. De- 
partment of Agriculture (27). Only a small fraction of the 
results of these numerous measurements was published. The 
efforts of most investigators were directed toward obtaining 
parameters, such as Horton's f,, f., and K values (10), and 
Kostiakov’s K; (17), for various soil-vegetation complexes. 
Free et al. (6) and Kachinski ef al. (14) have reported 
systematically the results of infiltration tests together with 
information on the various soil characteristics that could be 
expected to affect infiltration. 

To be of greatest value any method for estimating soil 
moisture for use in solving military problems in traction- 
ability should involve only readily available data. The spe- 
cific task in the infiltration phase of the U.S. Air Force 
research contract was therefore to investigate the possibility 
of expressing infiltration in terms of known or readily deter- 
minable properties of soils. 


Three Modes of Movement of Water 
Into and Through Soils 

In estimating soil moisture, whether in connection with 
problems in tractionability, crop production with and with- 


[ast of water & the movement into and through the 


Paper presented at a meeting of the North Atlantic Section of 
the American Society of Agricultural Engineers at Burlington, Vt., 
August, 1954. The research reported in this paper has been made 
possible through support and sponsorship extended by the Geo- 
physical Research Directorate of the Cambridge Field Station, 
A.M.C., U.S. Air Force, under Contract No. AF19(604)-193. It 
is published for technical information only and does not represent 
recommendations or conclusions of the sponsoring agency. 

The authors —D. B. KriMGoLtp and O. BEENHOUWER — are, 
respectively, principal research scientist and research assistant, The 
Johns Hopkins University, Laboratory of Climatology, Seabrook, N. J. 
*Numbers in parentheses refer to the appended bibliography. 


General Values Based on Other Properties 
of Soils Are Offered for Use Only When 
Field Demonstration Is Impractical 


out irrigation, drainage, runoff from small areas, or tillage, 
one must know how much of the precipitation falling on a 
field enters the soil and how rapidly the excess moisture 
moves through the soil. The first step is therefore to gain 
as clear an understanding as possible of the two phenomena, 
entrance of water into the soil and movement of water 
through the soil. 

Soil can be thought of as a porous, fissured, vascular 
medium. All soils are porous but not all are fissured or 
vascular. Sandy soils, freshly prepared seedbeds, and 
freshly cultivated soils of any texture are not fissured or 
vascular. Uncultivated clay and clay loam soils are fissured 
when dry but not when wet. All soils with a dense vege- 
tative cover, such as a grass sod, or with a forest litter are 
porous and vascular. Clay soils subject to excessive shrink- 
age and swelling develop wide deep cracks on drying. 

For the general case three modes of movement of water 
into soils must be considered. The first is the flow through 
or filling of large cracks and large ducts such as animal bur- 
rows. The flow of water into such openings is so rapid that, 
under conditions of natural or artificial rainfall, it is limited 
only by the rate of rainfall. With unusually heavy precipi- 
tation falling on a soil with widely spaced cracks, water may 
accumulate on the areas between the cracks and might flow 
over the sides of the openings pretty much like over a weir 
or into a drop-inlet culvert. But even then the intensity of 
rainfall would be the controlling factor because the rate of 
flow into such wide cracks would exceed the rate of rainfall 
plus the rate of runoff from blocks between the cracks. 

The second mode of movement of water into the soil is 
the flow through or filling of the smaller ducts. These are 
the worm holes and other channels of comparable size. The 
rate of flow into such openings depends on the net hydraulic 
head, on the shape and diameter of the opening, and the 
shape, diameter, and length of the duct. As a rough ap- 
proximation the rate of flow, f, into and through such ducts 
can be expressed by 


f=Cd*/?2(hb/L)*”? 


In this expression d is the diameter of the duct, 4 is the 
hydraulic head, L is the length of the duct, and C is a con- 
stant which includes the acceleration of gravity, the entrance 
coefficient, and the friction coefficient which in turn is a 
function of the diameter, roughness, and the alignment of 
the duct. For any given instant d, L, and C remain constant 
and the flow is determined by 4, which is a function of the 
vertical depth of water in the duct and above it. This depth 
is in turn a function of the intensity of rainfall. Under 
conditions of natural or artificial rainfall the capacities of 
such conduits become the limiting factor only when the rate 
of rainfall is quite excessive. 

The third mode of movement is into the soil mass— 
that is, through the small and large pores. This movement 
can take place upward, downward, and laterally. In infil- 
tration we are concerned with the latter two directions. The 
lateral movement is through the walls of cracks and ducts in 
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the soil. This downward and lateral movement is governed 
largely by capillary forces. In the absence of entapped air, 
the rate of this movement in all soils except coarse sand is 
analogous to the rate of capillary rise, which is expressed 
approximately by 


where H is the height of capillary rise, ¢ is time from be- 
ginning of movement, 7 is a constant depending on the soil, 
and K is the capillary rise at unit time ¢. Results of labora- 
tory experiments show 7 to be approximately 0.5 (29) fora 
number of soils. 

The rate of lateral movement is not subject to all the 
reductions that apply to the inflow through the surface. It 
is not subject to reduction by compaction or by sealing and 
crust formation through impact and sorting action of rain- 
drops. The results of observations made by Kachinski (12) 
of moisture penetration into a dry fallow clay soil after a 
24-hr rain, as illustrated in Fig. 1, tend to support the above 
statement with regard to lateral movement. The irregular 
columns in Fig. 1 undoubtedly represent lateral move- 
ment of moisture from cracks which were subsequently 
sealed by swelling. It is interesting to note that the horizon- 
tal distances from the centers of these irregular columns to 
the boundaries of the wetted soil are greater than the vertical 
wetted distances from the surface of the soil. 

The movement of water in soils governed by capillary 
forces is greatly restricted in very coarse and in very fine- 
textured materials. In very coarse sand and in gravel capil- 
lary rise H is negligible. In such material infiltration takes 
place largely by gravity. In dispersed fine-textured soils 
both the capillary rise and infiltration are slow, because the 
pores are very small and the capillary forces are barely suf- 
ficient to overcome friction. 

With these concepts of movement of water into and 
through soils one would expect to find quantitative rela- 
tionships for soils without large cracks or ducts, or after such 
cracks have been filled or sealed. The number, sizes, and 


TABLE 1. 
(For soils with n = 0.75) 


(1) F = 1.93 x 1076 p3-2 40-75 
Ruston sandy loam 
Orangeburg sandy loam 

Hopi sandy loam 

Muskingum silt loam 

Tama silt loam 

Davidson clay loam 

Vernon fine sandy loam 
Vernon very fine sandy loam 
Bates very fine sandy loam 
Boone silt loam 
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(2) F 23.14 x 1076 pot 10-75 
Palouse silt loam 

Austin clay 

Carrington silt loam 

Crown sandy clay loam 

Athena siit loam 

Pinedale clay loam 

Fremont gravelly silt loam 
Kirkland fine sandy loam 

Cecil sandy loam 


(3) FR: 2.06 x 10-1) po: 20-75 
Honeoye gravelly silt loam 
Muskingum silt loam 

Palouse silty clay loam 

Palouse silt loam 

Clinton silt loam 

Houston clay 
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moist subsoil 
prior to rain 

Fig. 1 Moisture penetration in dry clay soil after a 24-hr rain. 

(After Kachinski; outlines of cracks drawn in by authors) 


shapes of cracks and ducts in a soil do not lend themselves 
to quantitative treatment. For uncracked soils one would 


expect the expression for rates of infiltration to be of the 
same type as that for capillary rise. One would also expect 
a relationship to some soil characteristics that reflect the 
amount and quality of the pore space. 


Infiltration, Quantitative Relationships 


The data on infiltration and soil characteristics reported 
by Free et al (6) for 68 sites representing 39 soil series and 
six of the great soil groups afforded an opportunity to in- 
vestigate the existence and nature of such a relationship. 
Very briefly the procedure used by these authors was as fol- 
lows. Infiltration in surface inches at 15, 30, 60, 120, ana 
180 min after the start of each run were obtained by the 
tube method. Galvanized-steel tubes 9 in in diameter were 
jacked into the soil so that they protruded 2 to 3 in above 
the soil surface. The tubes were 18 or 24 in long depending 
on the length required to penetrate into the subsoil. A head 
of about 1 in of clear water was maintained in the tubes by 
self-dispensing burettes. Twenty-four replicates were used 
on each site. 

An initial determination of infiltration rates was made 
at whatever field moisture content prevailed at the time, and 
a succeeding determination was made on the same units 
24hr later. These were referred to as “‘initial’’ and “‘wet’’ 
runs, respectively. Whenever feasible, the sites were in 
fields on which row crops were growing. These fields were 
not recently cultivated, and the ground was in settled con- 
dition. If such areas were not 
available, the sites selected 
were on fields of small grain 
or similar crops. The standard 
procedure was to remove 
all vegetal cover and ground 
litter on the soil surface 
confined by the tubes, with 
no disturbance of the soil 
itself. 


The total porosity of the 
soil was computed by the for- 
mula, porosity = (S—A)/S 
X100, where S =specific 
gravity and A=field-volume 
weight. Non-capillary po- 
rosity indices were computed 
by (4) subtracting the mois- 
ture equivalent (converted 
to volume basis) from total 
porosity, (b) same as method 
(a) with moisture equivalent 
corrected for texture, and (c) 


COMPARISON OF OBSERVED AND COMPUTED INFILTRATION VALUES 
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subtracting from the total porosity the volume of water in 
the soil 24 hr after the initial run. Texture classifications 
were based on field identification by a soil specialist. 

The mean and standard error for the cumulative amounts 
of infiltration at each time interval were computed for each 
site. Variation in infiltration between the twenty-four repli- 
cates was large in most cases, as is evidenced by the standard 
error reported for individual determinations. 

Free, Browning and Musgrave, and Lewis before them, 
found that accumulated infiltration F at the end of any 
period ¢ from beginning of application of water could be 
expressed by 

F=at" 


For the initial runs Free et al. found a to vary from 0.0087 
to 1 and » from 0.04 to 0.82. 

The first step in the present analysis was to ascertain 
whether any of the 68 sites fell in groups having the same or 
nearly the same values of 7. In such a group the change with 
time in rate of infiltration would be the same for all soils and 
the amount of infiltration at any time ¢ would be propor- 
tional to individual values of a. Infiltration could conceivably 
be predicted from values of a and » expressed in terms of 
some measurable properties of soils. The value of » might 
perhaps reflect soil characteristics whose influence on infiltra- 
tion changes with time and values of a other characteristics 
whose influence does not change with time. 

The values for the initial runs feli in five groups, with 
values of » of 0.81 for 9 soils, 0.66 for 17 soils, 0.52 for 10 
soils, 0.26 for 15 soils, and 0.12 for 7 soils. Ten of the 
soils did not fall in any group. There was no apparent 
significance to the several values of » nor was there any 
quantitative relationship found between the values of a in 
each slope group and non-capillary porosity, the soil charac- 
teristic which, according to Free et al., gave the best corre- 
lation with infiltration. The apparent lack of a quantitative 
relationship was to be expected because the dry runs did not 
represent comparable conditions for the various soils. The 
moisture content, which is an important factor, was not 
equivalent for all the soils. Also, some of the heavier, dry 
soils may have been fissured while others were not. There- 
fore, no extensive studies were made of dry-run values. 

A better relationship was expected for the wet runs, 
which represent more uniform moisture conditions. In the 
analyses of the wet-run data 19 sites with amounts of infil- 
tration at 15 min, Fi5<0.05 in and at 180 min, Fis9<0.25 
inch were excluded. This was done because such low values 
were too close to the expected experimental error to be of 
much value in establishing quantitative relationships. Also 
excluded were the two sites in dense sod, so that the data 
included in this analysis represented essentially cropland 
only (cultivated crops and grain). Of the 47 sites included 
in the analysis the infiltration for 32 was represented by 
F=dt", with n=0.75. It is perhaps no mere coincidence that 
we found »=0.77 for eight of the soils in Central Cher- 
nozen Belt of the USSR reported by Mamanina (24) and 
n=0.70 for several of the soils reported by Kachinski (14). 

No relationship between the values of a and non-capil- 
lary porosity, p was found for 7 of the 32 soils with n= 
0.75. For the remaining 25 soils ranging in surface texture 


from clay to sandy loam, this relationship was represented 
by the following three equations: 
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Equation [1} applied to 10 soils with a values ranging from 
0.031 to 0.116, equation [2} represented 9 soils with a 
range in a from 0.030 to 0.141, and equation [3]} covered 
6 soils with a values from 0.0115 to 0.081. A comparison 
between computed and observed amounts of infiltration at 
15, 30, 60, 120, and 180 min are shown in Table 1. This 
table shows rather wide differences in infiltration for soils 
with the same texture and presumably the same non-capil- 
lary porosities of the surface soil. The determinations of 
both texture and non-capillary porosity were admittedly 
quite rough and the reliability of the infiltration values may 
not be very high. Yet the differences in infiltration can be 
ascribed only partly to the shortcomings of the data. One 
should indeed expect appreciable differences between soils 
with the same texture and non-capillary porosity of the sur- 
face soil, even if these were determined quite accurately. 
Such differences can be due to the following factors: swell- 
ing and sealing of the surface soil; variation with the depth 
in texture, aggregation and non-capillary porosity. The data 
reported by Free et al. were apparently not adequate to ex- 
press these additional factors quantitatively. 

An attempt was made to relate values of a in the infil- 
tration equation F=at" to other characteristics of the sur- 
face soil including volume weight, total porosity, aggregates 
>0.2 mm, field capacity, organic matter, silt and clay par- 
ticles <0.5 mm, and clay particles <0.002 mm. Relation 
between a values and the following was also investigated: 
the ratio of non-capillary porosity of the surface soil and 
volume weight of the subsoil, and the ratio of non-capillary 
porosity times volume weight of the surface soil and volume 
weight of the subsoil. Use of these factors did not result 
in an expression common to all sites with »=0.75. It was 
noted that the temperature of the water used in making the 
wet runs ranged from 37 to 96 F. Such a wide range could 
conceivably affect the values of infiltration. Allowing for 
this factor did not change the picture. 

The infiltration tests were made with clear water. Values 
therefore do not reflect the resistance of aggregates in the 
surface soil to the impact of raindrops or the sorting action 
of intense rainfall, both of which tend to seal the soil. Free 
et al. compared values of clear water with those obtained 
with rainfall simulators and with turbid water for some 13 
soils with a range in rate of infiltration during the third hour 
from 0 to 3.08 iph. These soils included 3 sandy loams, 1 
stony silt loam, 3 gravelly silt loams, 1 silt loam, 2 loams, 
1 silty clay loam, and 2 clay loams. Free ef al. used the 
ratio of the infiltration with turbid water to the infiltration 
with clear water to correct the clear water runs for turbidity. 
A plot of the corrected values against the clear water values 
showed the following approximate relationship: 


y=0.545 x°*™ 


where y is the infiltration with turbid water and x the infil- 
tration with clear water. For all practical purpose one is 
about one-half of the other. This agrees fairly well with 
what Dolgopolova (5) found in comparing infiltration 
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values obtained with clear water and with simulated rain- 
fall. The nearly constant ratio for the range represented 
by the 13 soils afforded no means for differentiating between 
the effects of the impact and sorting action of raindrops. 

Thus quantitative relationships between infiltration and 
non-capillary porosity were found for only 25 of the 47 
soils analyzed. For the 25 soils three equations were re- 
quired to express this relationship properly. Yet we cannot 
be sure that the relationships represented by the equations 
for the infiltration values are entirely fortuitous. The results 
of these studies strongly suggest that infiltration can be ex- 
pressed in terms of measurable soil characteristics. The 
problem is to find adequate quantitative terms for such 
characteristics as porosity, pore size distribution, stability of 
aggregates, swelling, and for their variations with depth. 
Surface Texture and Infiltration 

The investigation reported in this paper did show be- 
yond doubt that it is absolutely unrealistic and quite mislead- 
ing to assign values of infiltration on the basis of surface 
texture alone. Rates of infiltration such as 2 iph for sand, 
1 iph for sandy loam, 0.5 iph for loam, and 0.2 iph for silt 
and clay loam are frequently cited and widely used in the 
design and operation of irrigation systems. To demonstrate 
how misleading such values can be, some of the infiltration 
rates reported by Free ef al. for crop land (cultivated or 
grain) are shown in Table 2. 

In connection with the values in Table 2, it is well to 
remember that in all cases all vegetal cover and ground litter 
were removed before the runs were made. The values of 
infiltration are for clear water. They do nevertheless show 
the wide differences in infiltration for soils with the same 
surface texture. 

It is quite obvious that rates of infiltration assigned on 
the basis of surface texture alone should not be used in such 
undertakings as the design and operation of costly irrigation 
systems when directly applicable values can be obtained on 
individual fields at a cost which is insignificant in relation 
to the savings that such information would afford. Infiltra- 
tion values can be obtained at the same time and with essen- 
tially the same simple equipment as is required to obtain 
“field capacity”. Rates of infiltration, field capacity, effec- 
tive root zone, and the volume-weight ratios needed to con- 
vert moisture in percent-by-weight into depth-in-inches are 
of such great importance in the design and operation of irri- 
gation systems and are so variable that to guess at 
them is, to put it mildly, quite unwise. 


Physiographic, Geologic, and 
Pedologic Considerations 

There are, however, other practical problems in the 
solution of which use of general values of infiltration 
must be resorted to because field determinations are 
either impractical or impossible. Such problems in- 
clude estimating of economic feasibility of irrigation 
(21) and of tractionability in connection with over-all 
strategic military planning, determining flood fre- 
quencies, planning drainage projects, fitting of crop- 
ping plans and crop rotation to soil moisture and 
climatic conditions. Because the solution of all such 
problems involves analyses of probabilities, the toler- 
ances in estimated values of infiltration need not be so 
narrow as for the design and operation of irrigation 


Soil name and texture 


Ruston sandy loam 


Cecil sendy loam 


Red Bay loan 
Selah loam 

Palouse silt’ loam 4.61 2.09 wheat, June 
Walla Walla silt loam wheat, June 
Aiken clay loam 3 


Cecil clay loam 
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systems or for the planning of specific tillage operations at a 
given time. But even such wider tolerances do not justfy the 
selection of infiltration rates on the basis of texture alone. 

Other criteria must be used in arriving at satisfactory 
general infiltration values. In seeking such criteria, the 
authors were guided by the following: the data reported by 
Free et al. for 68 sites in the United States and related in- 
formation for these soils from other sources (15, 25, 32); 
similar data for 26 soils of the Central Ural Region of the 
USSR by Kachinski ef al. (14) and for 8 Chernozem and 
Liesostep soils of the Central Chernozem Belt of the USSR 
by Mamanina (24); miscellaneous information on infiltra- 
tion contained in various published and unpublished re- 
ports (27); numerous (largely unpublished) records of 
runoff from small drainage basins together with the detailed 
soil and topographic maps of some one hundred experi- 
mental watersheds (18, 20, 22). 

Study of this material led to the conclusion that even 
general values of infiltration must be arrived at with due 
consideration of vegetative cover and must be based on the 
following physiographic, geologic, and pedologic factors: 

(a) The element of relief occupied by the soil (upland, 
slope, bottomland, depressions ) 

(6) The parent material (loess, glacial till, stratified 
drift, claybeds, sandstone, shale, etc. ) 

(c) The soil-forming process (podzolization, calcifica- 
tion, laterization, etc. ) 


(d) The depth to he impeding stratum. 


Relief, both because of its profound effect on the soil- 
forming process and because of the lateral gradient it gives 
to the soil mantle, has a determining influence on the move- 
ment of water through the soil and therefore on infiltration. 
Thus the infiltration of a gray-brown podzolic gravelly silt 
loam on glacial till occupying sloping land may be more than 
twice that of the same soil occupying low-lying depressions. 

Soils on approximately the same relief may have quite 
different infiltration if the parent material is not the same. 
Muskingum silt loam, a gray-brown podzolic residual soil 
with rolling topography derived from sandstone, has an in- 
filtration several times that of the same soil on the same 
relief but derived from shale. 

For the same relief and parent material the movement of 
water into and through the soil is highest for the highly 
leached lateritic soils (red soils of the subtropical and trop- 


TABLE 2. INFILTRATION AND TEXTURE OF SURFACE SOIL 


Average infiltration rate, 
inches per hour 


lst hour of 3rd hour of 
initial run wet run 


Cover and month of test 


Honeoye gravelly silt loam 6.92 4.96 oats and barley, July 
Fremont gravelly silt loam 2.81 0.86 buckwheat, August 


8.51 1.77 fallow, February 
(cotton previous year) 
1.97 0.40 fallow, February 
(sorghum previous year) 
2.23 0.38 fallow, March 
(cotton previous year) 
1.26 0.11 fallow, May 


orchard, small grain 
and vetch, May 
rye, November 
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TABLE 3. SUGGESTED GENERAL VALUES OF INFILTRATION 


Category 


I 


ical regions) and lowest for the strongly podzolized soils 
(podzols of northern Europe, Canada, and the USSR de- 
veloped under coniferous forests). Prairie soils and the 
soils formed by the calcification process, chernozems, chest- 
nut, brown, and sierozems occupy an intermediate position. 

Depth to impeding stratum, which reflects the soil-form- 
ing process, parent material, and erosion, is a limiting factor 
under certain conditions. Claypans and hardpans on flat to 
gently sloping uplands and low-lying depressions with high 
water table are extreme examples. 

The effects of a protective cover such as a dense stand of 
grass or of a forest with a good ground litter are: elimina- 
tion of the effects of impact and sorting action of raindrops, 
changes in the non-capillary porosity and in some cases in- 
crease of the effective depth of the soil. The elimination 
of raindrop effects appears to result in doubling the rate of 
infiltration. Thus the effect of a dense stand of grass on a 
gently sloping claypan soil may be to double the inherently 


low initial infiltration rate; but such a cover will still not 


make a claypan soil comparable to a deep-sloping chernozem. 
Differences in runoff from protected and unprotected claypan 
soils are relatively small, because the amount of water that 
can enter the soil is limited by the shallow depth above the 
claypan. On the other hand, the effect of a forest or even of 
dense grass cover on the infiltration of deep soils or shallow 
soils on steep slopes can be quite pronounced, as is shown by 
the low amounts of surface runoff and large amounts of 
subsurface flow recorded on the Coweeta, Coshocton, and 
San Dimas experimental watersheds, on the wooded experi- 
mental watershed at Bentonville, Arkansas, and by the per- 
formance of the woods-disposal area at Seabrook, N. J. 


Suggested General Values 

Since it is as yet not possible to express infiltration 
quantitatively in terms of measurable soil properties, it is 
necessary to select categories of general infiltration values 
suitable for the solution of various problems and to assign 
these values to the proper combinations of soil characteristics 
and of other pertinent factors. Such categories must be set 
up with the two general uses of infiltration in mind. One 
requires information on the movement of water into dry 
soils, the other on the movement of water into and out of 
wet soils. The large amount of infiltration data examined 
by the authors, numerous records of runoff from small 
watersheds, of rainfall intensities and of summer rainfall 
patterns (2, 8, 19, 26, 30), together with due consideration 
of root zones and of effective depth in tractionability, indi- 
cate that the amount of water entering a dry soil in the first 
60 min together with the average rates of infiltration during 
the second hour after the beginning of rain should prove 
adequate for the solution of various problems involving the 
movement of water into initially dry soils. Values for 


rates of infiltration into wet soils during the third hour 
after the beginning of rain are suitable for the solution of 
problems involving the movement of water into and through 
wet soils. Several soil categories with corresponding values 
of infiltration are suggested in Table 3. A description of 
soils in each of the categories follows: 


Category | 


(a) Gray-brown podzolic gravelly silt loams on rolling 
relief; developed under hardwood forests on glacial till; 
deep unstratified profiles interspersed with gravel; no im- 
peding stratum. 

Examples: Honeoye and Bath gravelly silt loams in 
south central New York and north central Pennsylvania. 


(b) Red and yellow lateritic clay loams and sandy loams 
on undulating to rolling relief; developed in moist warm 
climates under coniferous and deciduous forests on volcanic 
tuffs and associated sandstones or on cherty limestones or on 
unconsolidated sand; excessively leached; deep uniform pro- 
files with no impeding stratum. 

Examples: Aiken clay loam in western Oregon and 
northern California, Ruston and Orangeburg sandy loams in 
the upper Coastal Plains of southeastern United States; red 
sub-tropical and tropical soils; krasnosem of the Caucasus; 
Clarksville gravelly loams of the Ozarks in Missouri and 
northwestern Arkansas. 

(¢) Northern leached chernozem clay and silt loams on 
undulating to gently rolling topography; developed under 
tall grasses; deep, uniformly crumbly soil with no impeding 
stratum. 

Examples: Typical chernozem of the Tambov oblast and 
of the Krasnoufimsk District west of the Central Urals. 

(d) Liesostep loams and light clay loams of the transi- 
tion zone between hardwood forests and tall grass regions; 
gently rolling land; deep uniform soil with no impeding 
stratum. 

Examples: Dark gray liesostep soils of the Orel region 
and of the Krasnoufimsk District west of the Urals. 

(e) Deep sands, dune hills and ridges and land with 
deep uniform sandy soils. 

Examples: Sand hills of Nebraska; sandy areas in 
North Dakota, South Dakota, southwestern Kansas, eastern 
Colorado, the Texas and Oklahoma panhandles; sandy soils 
of Coastal Plains with low water tables, sands of the lower 
Transvolga and the Pricaspian regions of the USSR, and 
sandy areas of the southern Chernozem Belt of the Ukraine. 


Category Il 


(a) Chernozem friable clays and sandy clays on poorly 


dissected (i.¢., having shallow waterways) gently sloping 
uplands; moderately deep, uniform profiles with impeding 
layer at 30 to 36 in; native vegetation of tall and short 
grasses. 


Examples: Leached chernozem and slightly solonized 
chernozem of the Central Transural region Kamishlov Dis- 
trict; Barnes loams and silt loams of South and North 
Dakota and western Minnesota. 


(b) Prairie soils moderately deep, friable silt loams 
changing to somewhat more compact silty clay at about 30 
to 36 in; on undulating to gently rolling upland; developed 
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on glacial outwash; native vegetation—tall grasses, chiefly 
blue stem. 

Examples: Carrington silt loam of the glaciated part of 
the northern prairies of the United States, northeastern 
lowa, parts of Illinois, Nebraska, Kansas, Minnesota, and 
Wisconsin. 

(c) Same as (4) except that parent material is loess and 
soil is uniform to a depth of 48 in or more and transition 
from chernozem to Prairie on rolling relief. 


Examples: Tama and Marshall silt loams of Towa, IIli- 
nois, Missouri, and southern Wisconsin. Palouse silt loams 
of Washington and Idaho. 

(d) Desert leached undulating to rolling clay loams 
and sandy loams, developed on sandstone. 

Examples: Some of the soils of northwestern New 
Mexico and northeastern Arizona. 


(e) Gray-brown podzolic deep silt loams and clay loams 
on limestone; developed under oak and hickory forests, on 
undulating to strongly rolling relief. 


Examples: Hagerstown soils of the limestone valleys of 
Virginia, Maryland, Pennsylvania, and Tennessee. 


Category III 


(a) Gray-brown podzolic rolling silt loams developed 
on sandstone under oak forests. 


Examples: Muskingum silt loam of sandstone origin in 
eastern Ohio, western Pennsylvania, and West Virginia. 

(b) Gray-brown podzolic undulating to rolling gravelly 
clay loams; developed on metamorphic rock under decidious 
forests. 

Examples: Chester-Manor soils of the northern Pied- 
mont in Pennsylvania, New Jersey, and Maryland. 

(c) Reddish chestnut undulating, moderately deep clay 
loam soils; developed under short grasses on deep beds of 
calcareous clay; impeding stratum at about 30 to 40 in. 


Examples: Pullman and associated soils of the so-called 
“hardlands of the High Plains’ of southwestern Kansas, 
northeastern New Mexico, southeastern Colorado, and of 
the Texas and Oklahoma panhandles. 


Category IV 


(a) Reddish chestnut steep, shallow fine sandy loams; 
developed under coarse grasses, such as bluestems, on “Reé 
Beds’ (clays and shales); also fine and very fine sandy 
loams with impeding layer at a depth of about 14 to 20 in. 


Examples: Vernon fine sandy loam and Vernon very 
fine sandy loam in the rolling plains of Oklahoma and in 
north central Texas. 


(6) Red and yellow podzolic undulating to gently roll- 
ing clay loams and silty clay loams; developed on slate and 
similar fine-textured rock under pine and hardwood forests; 
impeding layer of heavy sticky clay at about 7 to 10 in. 


Examples: Davidson and associated clay and silty clay 
loam soils of the “Slate Belt’ of the southern Piedmont of 
Georgia, South Carolina, North Carolina, and Virginia. 


(c) Gray-brown podzolic undulating to rolling silt 
loams; developed on shale with an impeding stratum at 14 
to 16 in. 
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Examples: Shallow, Muskingum silt loams of shale ori- 
gin; Keene silt loams and associated soils of the North 
Appalachian region. Podzolized soils of shale origin of the 
Asbest district of the Transural region and other podzolized 
soils of the USSR. 


Category V 


(a) Alluvial stratified soils ranging in surface texture 
from sandy to clay; underlain by alternate layers of coarse 
and fine material. 


(4) Alluvial soils in deltas of large rivers; uniform 
deep heavy-texture, dispersed surface soils and subsoils. 


Examples: Sharkey clay of the Mississippi delta; adobe 
clays of Bell Fourche area and of the Red River of the 
North. 


(c) Bog soils—peat and muck. 


(d) Planosols — shallow gently sloping claypan and 
hardpan soils. 


Examples: Putnam, Parsons silt loams and associated 
soils of the Clay-pan Prairies of the United States. 

(e) Podzol nearly flat to flat upland shallow dispersed 
soil with impeding stratum at about 8 in. 


Examples: Podzolic soils of the Beloiarsk district of the 
Transural region. 


(f) All soils which occupy depressions without natural 
or artificial outlets and receive runoff from adjoining slop- 
ing land (with the exception of deep sands). 

Examples: ‘‘Beliak”” cf the Kamishlov district of the 
Transural Region. 


The average rates of infiltration presented above were 
derived from results of infiltration tests on cropland (culti- 
vated or in small grains) and from runoff records from 
small watersheds. The values were adjusted so as to in- 
clude the effect of the impact and sorting action of rain- 
drops. The rates of infiltration in Table 3 can be used 
directly in the solution of problems involving bare unfrozen 
soil, cultivated and grain crops, and temporary or poor grass 
cover. For dense grass cover and for wooded land with 
good ground litter, the values for soils in category I can be 
used as given. The high infiltration rate of the soils in- 
cluded in this category is due to the exceptionally high sta- 
bility of aggregates and of sand grains and gravel. This 
high stability cannot be appreciably improved by vegetative 
cover. For soils in categories II to V the values in Table 3 
can safely be doubled. The “‘dry soil’ values for categories 
IV and V apply only when the surface is not cracked; 
heavy-textured soils in these categories when dry and not 
cultivated develop wide deep cracks and take water rapidly 
until the soil swells. 


CONCLUSION 


In conclusion it will be well to repeat and underscore 
the following points: 


1 There is good reason to believe that infiltration of 
unfrozen cropland, as defined in this paper, could be ex- 
pressed quantitatively in terms of measurable soil properties 
and their variation with depth. 

2 Until such time as infiltration can be expressed quan- 
titatively in terms of soil properties that can be measured 
more accurately and more readily than infiltration itself, 
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rates of infiltration must be determined in the field whenever 
practicable or possible. This is particularly true in connec- 
tion with the design of sprinkler irrigation systems, where 
determinations of infiltration, field capacity, and volume 
weight should and can be made. The relatively low cost 
of such determination is fully justified by the savings they 
afford in the initial cost and operation of irrigation systems. 


3 General values of infiltration rates assigned on the 
basis of surface texture only may be so far off that they can- 
not be used even when general values must be resorted to. 


4 The alternative scheme presented in Table 3 is believed 
to be rational and to correspond more closely to measured 
values. The soil grouping under each infiltration category and 
the infiltration values must be considered provisional until 
they have been verified in the solution of practical problems. 
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Draintile Durability 
(Continued from page 718) 

The packer cheeks are designed to extend ‘2 to Me in 
outside the packer ring. They compact and trowel the inside 
of the tile as the head assembly revolves as it passes verti- 
cally through the tile. 


Adequate Curing 


All concrete draintile should be moist-cured in accord- 
ance with good practices so that previous to installation they 
will meet the ASTM strength and absorption requirements. 

Satisfactory methods for the moist-curing of concrete 
tile are of two distinct types: (a) water spray or fog at the 
temperatures which prevail and (4) saturated steam at tem- 
peratures which may be anywhere between 100 and 190 F. 

Moist curing of the spray type when continued long 
enough during favorable weather is adequate, but oftentimes 
is impractical when the demand for tile is such that the tile 
must be delivered before they have had an opportunity to 
cure 28 days. When saturated steam is properly used, the 
curing period can be shortened to a few days. From the 
Minnesota work it appears that a temperature of 155 F, plus 
or minus 15 deg, is as high as necessary in a curing room 
when draintile are cured with saturated steam, strength alone 
considered. For best results, the curing operations will re- 
quire the greater part of two days. 


Conclusions 


While there may be differences of opinion regarding the 
details of nearly all the procedures outlined, perhaps the 
greatest divergence of thought will be in connection with 
aggregate gradation and with curing practices in relation to 
effectiveness at early ages. In particular the effects of dif- 
ferent proportions of the finer aggregate particles on both 
strength and absorption of draintile is a disputed matter. 
Studies based on additional data are planned to clarify both 
of these phases of concrete draintile manufacture. 
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Drain-Spacing Formula 


Lee D. Dumm 


RACTICALLY every area, where irrigation has been 
carried on for any length of time, has land that has 
become waterlogged or salted or lands on which crop 

production has been affected by high water tables. There- 
fore, the provision of adequate drainage is an essential part 
of the planning, construction, and operation of an irriga- 
tion development. 

Drainage problems in humid areas are usually evident 
from visual inspection of an area, since they are the result 
of natural conditions which have prevailed for many years. 
This is not true, however, of a proposed irrigation develop- 
ment. Here the drainage problems are generally the result 
of man-made conditions brought about by irrigation and may 
not be apparent until several years after the start of irrigation. 

The Bureau of Reclamation in planning new irrigation 
developments and determining the feasibility of projects is 
required to forecast or predict the extent of future drainage 
problems in areas where none now exist. And, since the 
feasibility of a project depends upon the benefits derived 
versus the costs involved, it is essential that the cost estimates 
be sufficiently adequate to include ultimately required drain- 
age facilities. 

Most irrigated areas developed in the past have had 
favorable natural substrata drainage characteristics which did 
not require the use of closely spaced drains to control high 
water tables. In general, most of these have been in arid 
lands underlain by sand or gravel strata into which excess 
water can percolate vertically and then move laterally 
through the permeable sand or gravel to natural outlets or 
constructed drains. Over the years a vast amount of experi- 
ence has been gained in determining drainage requirements 
of such lands. 

Since the better lands have been developed, however, we 
now find that many proposed developments do not have 
these favorable natural drainage characteristics, and there- 
fore closely spaced drains are usually required. Experience 
in subsurface drainage of such lands is rather meager. This 
lack of experience has led to the development of various 
drain-spacing formulas to meet the needs of planning and 
developing such areas. 


The typical profile often encountered and for which the 
formulas have been developed is one in which a relatively 
permeable soil overlies a very slowly permeable strata or one 
in which the profile becomes less permeable with depth. 
Under these conditions relatively close spacing of drains is 
required, since the excess water must be moved laterally 
through the profile to the drains. 

Drain-spacing formulas to date have been developed on 
the basis of steady-state flow conditions, which do not en- 
tirely satisfy the conditions of irrigation. Other formulas 


Paper presented at the annual meeting of the American Society 
of Agricultural Engineers at Minneapolis, Minn., June, 1954, on a 
program arranged by the Soil and Water Division. 

The author—LeE D. DUMM—is engineer, drainage and ground- 
water engineering office, design and construction division, Bureau of 
Reclamation, U.S. Department of the Interior. 


New Formula for Determining Depth and 
Spacing of Subsurface Drains in Irrigated Lands 


have been developed to meet the requirements of a par- 
ticular area. 


The Bureau of Reclamation is planning, developing, and 
Operating many irrigation projects in the western states. 
These projects embrace a wide diversity of soils and ground- 
water conditions. The need for a drain-spacing formula 
which would be applicable to these widely varying soil and 
ground-water conditions has become increasingly evident. 
Such a formula should include as many factors pertaining to 
irrigation drainage as possible. To meet this need, R. E. 
Glover, engineer of the Bureau, has developed a theoretical 
mathematical formula which we feel incorporates most of 
these factors. 

Our purpose in presenting the formula is to point out 
the factors which we think have a bearing on irrigation 
drainage and to explain the methods we have used in devel- 
oping the formula. Although we have not yet been able to 
conduct extensive laboratory experiments and field trials to 
verify the use of the formula, we find it more compatible 
with our experience over a variety of conditions than any 
other. Until we can further substantiate the results, we 
would welcome comments or research checks from anyone 
interested in drainage. 
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The development and use of the formula are predicated 
upon the following conditions and assumptions: 


1 Normal irrigations at regular intervals. 

2 Uniform or stratified soils overlying a slowly perme- 
able stratum or barrier layer. 

3 Permeability of the profile equal to the weighted aver- 
age permeability of the soil or soils above the barrier layer. 

4 The drainage requirement, or excess water to be dis- 
posed of, is the difference between the net input of water 
and the available moisture storage in that portion of the 
profile which must be kept clear of gravity or noncapillary 
water in order to provide for root growth and salinity control. 

5 Excess water must be removed between irrigations in 
order to maintain the water table below the root zone. This 
would require that sufficient storage space for gravity water 
be provided below the root zone for the inflow of excess 
water from the following irrigation. 

6 Water moving through the soils is in a transitory state 
rather than a steady state, i.e., the head available to push the 
water toward the drains varies with time. 
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7 Movement of water through a soil is proportional to 
the ground-water gradient and to the depth of saturated 
thickness between the water table and the slowly permeable 
layer or barrier. 

Many of the results obtained from the theory of heat 
conduction in solids also apply to the movement of water 
through soils. Let us first assume a condition represented 
by Fig. 1. 

In this case, an increment of ground water of an initial 
uniform drainable depth y, flows toward horizontal drains 
spaced at a distance L apart. The aquifer, of permeability 
K, extends below the level of the drains to a depth d. If 
represents the depth of the ground water above the elevation. 
of the drains at some horizontal distance x measured from 
one line of the drains toward the other, as shown on Fig. 1, 
then the condition of continuity is, approximately, if yo is 
small compared to d, 


Vox? 


ry [1] 


Where D,=d+./2 represents an average thickness of 
aquifer available for carrying water to the drains, a solution 
of this equation subject to the conditions, 


y=0 when x=0 
y=0 when x=L 
y=)o when t=0 for0 <x <L, 


and with a=KD,,/V is 


A simplified formula useful for estimating drain spac- 
ings may be obtained from the above expression on the fol- 
lowing basis: The most difficult point to drain is the point 
midway between the drains, or the point at which x=L/2. 
For this value of x the sine terms take on the successive 
values of +1 and —1. After the lapse of sufficient time 
the water level midway between the drains begins to lower, 
and at about this time all the terms in the series, except the 
first term, have also become quite small. When the par- 
ameter @ ¢/L? reaches 0.025, for example, the first term has 
the value 0.7788, while the second term has the value 
—0.0362. Then we can say that, for significant amounts of 
lowering of the water table at x=L/2, we can consider the 
first term only and, to a sufficient approximation 


[3] 


We can write this relation in the form 


_ amet 


when: 


= 0.20°/Hr. x 
t = 336Hr. 


V =0.05 
Yo= 48" 


y = 18.6" 
Og = d+ Yo/2=72" 


KDo 02x 72 
se” 2 ————" 
Vv 05 
when Y/Yo = ae = 0.392; Sk =0.119 

2. at _ 288x336 _ 
C ans” ang 7 9'5.000 


L = 903" or 75° 


= 288 


Fig. 2 
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The drain-spacing formula obtained by solving this 
expression for L, when a=K D,/V is, 


where L=spacing, in inches 
K =permeability, in inches per hour 
t=time between irrigations, in hours 

V =specific yield of the soil 

y,=distance between tile and maximum allowable 
ground water, in inches 

= distance between tile and water table at x=L/2 at 
end of period between irrigations, in inches 
distance between tile and impermeable layer, 

in inches 

D,=average depth of drainable section, or d+ y,/2, 
in inches 


The successive ground-water profiles, as given by 
equation [2} are shown in Fig. 2. By use of this chart the 
pattern of movement of water to the drains may be traced. 
The drain spacing required to remove ground water to a 
specified depth may also be found by use of the chart by 
finding the value of a ¢/L? required to produce the neces- 
sary lowering and solving this relation for L. 

Although the above formulas are derived under the 
assumption that y, is small compared to d we shall see later 
that, if we use Du=d+(y,/2) as the effective thickness of 
the aquifer, they do give a fairly satisfactory approximation 
even though the drains are placed at the bottom of the aquifer. 

We next give consideration to a case where the drains 
are placed at the bottom of the aquifer and in which we 
take account of the saturated thickness of the aquifer ex- 
plicitly. This development provides a means of comparison 
for the extreme case and permits an evaluation of the error 
introduced by using the methods outlined above when }, is 
not small compared to d. 


Let us assume a ground-water profile, terminating at 
drains spaced at distance L apart at the bottom of the aquifer, 
of permeability K, and an initial saturated depth H at a 
point midway between the drains. If Z represents the satu- 
rated thickness of the aquifer at the distance x, measured 
horizontally from one line of drains, as shown on Fig. 3, 
then the condition of continuity is 
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A solution of this equation is 


Z/H=WY [7] 


where W’ is determined from the relation 


and Y is given by 


Y= 


=\Se)* 


with a=KH/V 


If Z. represents the value of Z at x=L/2 at the time ¢, 
then, since Y=Z,/H, a rearrangement of the expression for 


[9] 


If this expression is solved for L, we get a formula for 
the drain spacing which is 


[10] 


The ground-water surface profiles implied by this solu- 
tion are shown on Fig. 4. It will be noted that a uniform 
depth of ground water is not assumed to exist at time zero, 
as in the first case. The substitution of a reasonable initial 
profile is done as a concession to the mathematical difficul- 
ties since the non-linear differential equation that applies to 
this case is very difficult to solve when a uniform initial 
distribution is assumed. It is believed that no appreciable 
error is introduced by making this concession. 


With these two cases we now possess treatments of 
drainage rates where the drains are placed at shallow depths 
in the aquifer and where the drains are placed at the bottom 
of the aquifer. The intermediate case remains without ade- 
quate treatment, and we will, therefore, try to provide this 
by making a choice of Da so that the first case may be used 
for drain placement near the middle of the aquifer also. We 
will make the choice of D, by comparing a linear and a non- 
linear steady-state case. In these cases we will assume that 
the water flowing to the drains is provided by a steady infil- 
tration, 7. In the steady-state case the continuity condition 
will take the form 


ty 
dx? 


KDg {11} 
and the solution, subject to the requirements that 


y=0 when x=0 
y=0 when x=L 
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y (Lx-x?) 


= 
~ 2KDo 


For the non-linear case the continuity condition is 


And its solution subject to the requirements 
Z=d when x=0 
Z=d when x=L 


[14] 


If the infiltration 7 is the safe in both cases and we make 
Y=H—d and Z=H at X=L/2, then by comparison of 
equations 12 and 14 we can write 


Da (H—d)=1/2 (H?—d?) 
from which we obtain 


D.=(H+d)/2 


In the notation used with the original case this is equiv- 
alent to 


Da=d+y./2 


This result indicates that our best choice of D, is ob- 
tained as the arithmetic mean of H and d. A comparison of 


10 


729 


the first case with this value of D, with the second case, on 
the basis of the drain spacing required for a moderate lower- 
ing of the water table, will show that the first case provides 
a reasonably accurate treatment of the extreme case where 
the drains are placed at the bottom of the aquifer. Fig. 5 
shows that the use of this value of D, in formula [5} for 
the first case gives values within 10 percent of those obtained 
for the extreme case by the use of formula [10}. We may 
conclude, therefore, that the intermediate case can be solved 
approximately by this method also. 

The use of the above value of D, succeeds in removing 
the restrictions on the use of the first case for the inter- 
mediate drain placement, but it does not remove restrictions 
of another sort. It still remains essential to restrict the use 
of the first case to those situations where the amount of 
lowering of the water table is moderate. It will be readily 
apparent that if we were to try to estimate the time required 
to drain away, say three-fourth of the original saturated 
depth that the initially chosen value of D, would become 
inappropriate to represent the saturated thickness of the 
aquifer which would prevail toward the end of the drainage 
period. It is thought that in actual practice lowering of the 
water table by moderate amounts will be the rule, but if for 
any reason it should be desirable to apply the first case to 
situaticns having relatively large amounts of drawdown, it is 
suggested that the computation be made in steps with a new 
value of D, selected for each step. Restrictions on the 
amount of drawdown are not necessary when using the 
second case. 

The local resistance to the flow of water as it converges 
toward the drain has been neglected in these developments. 
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Fig.5 Comparison of the drain-spacing formula [5] using the 

value of Da=d+y,/2 for the extreme case where the drain is placed 

at the impermeable strata (shown by solid lines) versus the use of 

formula [10] (shown by Cashed lines). (NoTE: Curves computed 

for same conditions, except ior drain depths and permeabilities, as 
outlined in the accompanying example) 


This convergence can be accounted for only by considerable 
complications of the formulas. Comparisons of drain spac- 
ings determined with and without this refinement show only 
a slightly shorter spacing when local resistance is included. 
The basic inaccuracies of much of the data involved in the 
use of the formulas do not, from a practical standpoint, 
appear to warrant this refinement. 


An example of the use of the formula is given in the 
following paragraphs. 

Assume a clay-loam soil with a permeability of 0.2 in 
per hr; a water-holding capacity of 2.15-in per ft at wilting 
point and 3.46 in per ft at field capacity; and a specific yield 
of 5 percent. Twelve feet of this material overlies a very 
slowly permeable stratum. Assume a 6-in irrigation applica- 
tion every 14 days, a 10 percent surface loss, and a maximum 
allowable water table of 4 ft below the ground surface. The 
problem is to determine the spacing of drains when the tile 
line is placed at 8-ft depth. 


If a 10 percent surface loss occurs, only 90 percent, or 
5.4 in of water, actually goes into the soil. If the top 4 ft of 
the soil profile is to be kept free of gravity water, then this 


Surfoce 


x K=0207Hr 
Droin’ Vs 5%=0.05 dee: 
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Fig. 6 


4-ft column of soil will store only that amount of water used 
by the plants from this column between irrigations. Research 
information indicates that during a normal irrigation period 
of about 14 days the consumptive use of the plants is ap- 
proximately the difference between field capacity and wilting 
point in the top 2 ft of the soil profile. In the next 2 ft the 
consumptive use is approximately one-half this difference. 
Therefore, the amount of capillary water that can be stored 
from the 6-in irrigation in the top 4 ft is 2(3.46—2.15) + 
2(3.46—2.15)/2=3.93 in. The remaining amount of wa- 
ter, 5.4—3.93=1.47 in, entering the soil must, therefore, 
be temporarily stored below the 4-ft zone and drained out 
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before the next irrigation if the water table is not allowed 
to rise above 4 ft below the ground surface. Since the specific 
yield of the soil is 5 percent, it will take 1.47 X 20= 29.4 in 
of soil to store the drainage requirement of 1.47 in. 

Fig. 6 illustrates the conditions under this assumption. 


Then substituting the foregoing figures in formula [5], 


4838.4 
0.05 x 1.18 


02x72x336 | 


L= 7 (ee 
NV 005 loge (1.27 x 28) 


L=905 in, or approximately 75 ft. 


Checking with Fig. 2, 


a=KD,/V =(0.2X72)/0.05 = 288 
when 9/).= 18.6/48 =0.388; a t/L?=0.119, 
then L?=«@ t/0.119= (288 ¥ 336) /0.119=813,000 
L=903 in, or approximately 75 ft. 


If in the above example we had assumed a 4.8-in irriga- 
tion application, we would have a drainage requirement of 
10 percent of the net input. Using this value as the amount 
of water to be removed, and with all other conditions the 
same, we would find that the formula gives a drain spacing 
of 126 ft rather than the 75 ft in the example. It can be 
seen, therefore, that the amount of water to be removed by 
the drains is an important consideration in the use of the 
formula. 

It might be asked, at this point, why we do not apply 
only enough irrigation water to provide the plants with their 
actual requirements and thereby do away with the necessity 
of providing drains to dispose of excess ground water. There 
are several answers to this, such as the requirement of a 
certain amount of deep percolation for salinity control, the 
physical impossibility of attaining 100 percent efficiency in 
irrigation, and the practical limits imposed by the managerial 
ability and equipment of the average irrigator. 

In concluson, it should be kept in mind that, while a 
proper mathematical equation may be written to satisfy the 
conditions set up for a particular problem, it is practically 
impossible to satisfy completely these conditions on an area 
basis, even if all of the factors involved could be measured 
with any great degree of accuracy. Permeabilities can be 
measured only in relative terms, soils are usually very non- 
uniform even over small areas, forecasts of irrigation prac- 
tices can only be relative, and the amount of natural drainage 
that will occur is usually indefinite or unknown. Therefore, 
any answer derived from a mathematical spacing formula 
must be used with proper judgment and should be checked 
with results obtained from experience before it is given 
widespread use as a basis of construction layout. 

We find it necessary, however, to develop a reasonable 
estimate of future drainage requirements and costs for areas 
with the conditions described in order to determine feasi- 
bility of projects and to provide sufficient funds to meet the 
drainage problems when they arise. For these reasons we 
use drain-spacing formulas primarily as a means of predict- 
ing the approximate depth and spacing in areas where ex- 
perience is lacking. We feel that the formula, when used 
with judgment, is satisfactory for this purpose 
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Some Effects of Mulch Tillage 


F. W. Schaller and D. D. Evans 


ingly important method for achieving greater soil 

and water conservation on cultivated land. Many 
studies (23)* during the past 20 years have demonstrated 
the effectiveness of mulch in controlling erosion and con- 
serving soil moisture. However, mulch tillage has not 
gained wide acceptance by farmers, particularly in the corn 
belt and eastern United States. An important reason for the 
lack of acceptance is that corn yields are frequently lower 
under mulch tillage than with conventional plowing. The 
purpose of this paper is to present a review of pertinent 
literature and to report recent data from Iowa studies con- 
cerning some of the factors in mulch tillage possibly re- 
sponsible for yield reduction. 


( er residue used as mulch promises to be an increas- 


Literature Review 


Studies have been reported which show that mulched soil, 
in contrast to bare soil, tends to produce a better granular 
structure at the soil surface. Duley and Russel (9) have 
presented photographs which show that soil mulched with 4 
tons per acre of straw developed a much better granular 
structure one year after application than soil identically 
treated but without mulch. Stephenson and Schuster (24) 
measured soil aggregation at the end of the third year for 
mulched and bare plots, and found the mulched plots to 
have the more stable structure. 

Applications of mulch to the soil surface increases the 
moisture content of the soil. Many investigators (3, 8, 9, 
10, 24, 27) have found this to be true. The increase in 
moisture content under a mulch may be attributed to a 
greater infiltration rate and lower evaporation rate. 

Another factor affected by mulch is soil temperature. 
McCalla and Duley (16) concluded from their experi- 
ments that soil temperatures can be reduced considerably by 
applications of large amounts of crop residues to the soil sur- 
face. Also, they concluded that when just the residue from 
the preceding crop is allowed to remain on the surface, the 
temperature may be reduced some but not enough to influ- 
ence growth of plants. Verma and Kohnke (27) measured 
temperatures that were consistently lower on plots receiv- 
ing 3,000 lb of wheat straw, corn stover, or glass wool 
than on bare plots. Data presented by Englehorn (11) 
show the same thing. The temperature differential is ex- 
plained by the greater reflection of radiant energy by the 
mulch than the soil surface, the insulation effect of the 
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Report on Studies of Factors Possibly 
Responsible for Yield Reduction 


mulch, and the greater specific heat of the soil under a mulch 
due to the higher moisture content. 

There have been some measurements of soil physical 
properties of soil where plowing and subsurface tillage have 
been compared. Page et al. (20) showed that at the end of 
the first growing season both the total porosity and the air 
porosity are lower for subsurface tilled plots compared to 
plowed plots. Their results also showed that subsurface 
tilled soil was less penetrable than plowed soil. 

It has long been known (1, 2, 17, 19, 22) that soil ni- 
trates are reduced by surface applications of carbonaceous re- 
sidues. Such reductions often result in lowered crop yields. 

Tillage methods may influence uptake of nutrients by 
plants. With corn plants, the ability to take up nutrients 
from the soil and its relation to yield can be effectively 
evaluated by analysis of leaves or whole plants (4, 26). 
Such analyses were used by Bower et al. (5), in Iowa, in 
making a comparative study of the effects of seedbed prepa- 
ration methods on N and K deficiency of corn. The study 
showed that on Tama soil there was little evidence of N 
deficiency in corn on plowed soil, whereas on disked or sub- 
surface-tilled soil nitrogen deficiency was quite marked. 
Tillage had no apparent effect on the P and K content of 
the plants. Fertilizer was effective in increasing yield from 
all tillage methods except plowing where nitrogen appar- 
ently was not deficient. 

In the same study by Bower ef al., but on Fayette, Web- 
ster and Clarion soils, it was found that the K content of 
corn plants on plowed soil was considerably higher than that 
on disked or subsurface tilled soil. Plant deficiency symp- 
toms and lower corn yields resulted from the potash de- 
ficiency in the latter two tillage methods. The authors sug- 
gest that a difference in soil aeration as a result of tillage 
may have been responsible for the difference in uptake of K. 
It has been well established by other workers (14, 21) that 
K absorption by plant roots is dependent on oxygen supply. 

Moody ef a/. (19) analyzed corn plants over a 3-year 
period, 1948 to 1950, and compared results from conven- 
tional plowing with mulch tillage using a double-cut plow. 
They found that the percentage of nitrogen in corn plants 
was significantly higher in the conventional tilled plots in 
two of the three years. Phosphorus content of corn plants 
was not affected by tillage. The potassium content of 
plants from mulch-tilled plots was significantly lower in one 
of the three years. The amount of crop residue on the soil 
surface combined with that in the top 3 in of soil was sug- 
gested as the important factor affecting reduced availability 
of nitrogen. Applications of nitrogen fertilizer (up to 95 Ib 
per acre of N) increased the nitrogen content of corn plants. 
However, in high yield years, fertilizer failed to bring the 
nitrogen content of mulch-tilled corn up to the level of 
that on plowed soil. 

Placement of crop residues on or near the soil sur- 
face has an important effect on distribution and activity 
of soil organisms. Dawson et al. (7) studied the effect of 
plowing and subtilling on distribution of microorganisms 
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in the O- to 1-in and 1- to 6-in soil layer. Results showed 
that the top inch of soil frequently contained greater num- 
bers of microorganisms under subsurface tillage, while the 
1- to 6-in layer contained greater numbers where residues 
were plowed under. This type of distribution occurred with 
both grain straw and sweet clover residues. The stimula- 
tory effect caused by the crop residues was greatest during 
the early stages of decomposition and largely disappeared 
after about nine months. 

Gamble ef al. (12) studied the influence of double-cut 
plow mulch tillage on number and activity of microorga- 
nisms and found a significantly higher mold count under 
mulch tillage. They suggest that this group of microorgan; 
isms might cause a temporary loss of nitrate-nitrogen. 


YIELDS OF CORN GROWN WITH DIFFERENT TILLAGE METHODS 
ON WEBSTER SILTY CLAY LOAM IN 1+52* 


Corn yield per acre, bu 
No Wits 
Tillage method fertilizer fertilizer 


Conventional plowing 5§ 
Plowed - residue removed 


Plowed - residue 


Subsurface-tilled 


*“Fertilizer per acre: 400 1b 4-16-0 applied in the row, 160 lb 
0-0-50 broadcast, and 240 1b 33-0-0 side-dressed. Differences 
in corn yields due to fertilizer and tillage were significant 


at the 1 percent level. 7 


Several studies by McCalla et al. (15, 16, 17, 18) have 
emphasized the effects of crop residues and mulch on the 
activity of soil microorganisms. Under some conditions the 
effects have been stimulatory and under others the reverse 
has been true. 

The work of Broadbent (6), as well as many others, has 
shown that decomposition of highly carbonaceous residues 
such as grain straw and cornstalks can tie up large quantities 
of soil nitrogen. Decomposition of such residues under 
mulch tillage may be especially detrimental to corn plants 
because of their root distribution and feeding area. This is 
suggested by the work of Hall (13), who has shown that 
for a corn plant the 3-in soil horizon makes a very high 
nutrient contribution during the first five weeks. By the end 
of seven weeks this horizon has contributed approximately 
40 percent to the total growth. Thus, it is evident that 
growth of young corn plants could be seriously hampered by 
tie-up of plant nutrients, especially nitrogen, resulting from 
decomposition of crop residues on the soil surface and in 
the top 3 in of soil. 


Recent Studies in lowa 


Much tillage studies in Iowa in 1952 and 1953 have 
been directed toward a determination of the effects of crop 
residue placement on microbiological activity and nutrient 
availability. The study is still in a preliminary stage, and 
pertinent results will be presented here as a progress report. 

In both years of study four methods of seedbed prepara- 
tion for corn were compared, as follows: (a) conventional 
plowing, (4) plowed with residue removed, (c) plowed 
with residue removed before plowing and returned to the 
soil surface after plowing, and (d) subsurface tillage using 
24-in Dempster sweeps with tillage at about 3 in deep fol- 
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lowed by a second operation at about 7 in deep. In 1952 the 
tillage treatments were compared with and without fertlizer, 
and in 1953 different rates of nitrogen were used with each 
tillage method. The plots were randomized and replicated 
four times. They were located on cornstalk land and conse- 
quently the mulch residue was from the previous corn crop. 
The cornstalk residue averaged 2 to 24 tons peracre. All seed- 
beds were prepared in May a few days before corn planting. 


Results in 1952 


The 1952 experiment was located at Ankeny, Iowa, on a 
Webster silty clay loam soil. The treatments used and the 
corn yields obtained in the study are presented in Table 1. 
Results show that higher corn yields were obtained where 
the cornstalk residue was removed or plowed under than 
where it was located on the soil surface. Leaving crop res- 
idues on the soil surface reduced yields an average of 21 
percent on unfertilized plots and 28 percent on fertilized 
plots. All plots showed nitrogen deficiency symptoms by 
silking time, but it was more pronounced on plots with sur- 
face residue. Weeds were plentiful in all plots, but tended 
to be higher on subsurface tilled plots. The high weed 
population undoubtedly competed vigorously for available 
nitrogen. There was some variation in corn stands, but no 
significant differences due to tillage or fertilizer. 

Microbial numbers, mainly bacteria and actinomycetes, 
were determined on all unfertilized plots in 1952. Deter- 
minations were made for twe soil horizons, 0 to 3 and 4 to 
7 in, on five different dates. A dilution plate-count method 
was used. 


TABLE ©. EFFECT OF TILLAGE METHODS ON MICROBIAL NUMBERS 


IN WEBSTER SILTY CLAY LOAM IN 1952 


Microbial numbers (millions per gram of soil) 


Plowed Plowed Sub- 
residue residue surface 
removed oon surface tilled 


Soil 
horizon, 


Conven- 
tional 
plowed 


Date of 
sampling 


May 26-29* 179 219 
200 199 


June 10-126 130 192 
150 166 


June 26-30 106 124 
106 104 


98 104 
98 93 


July 16 


August 5-6® 66 71 
63 55 


*Differences between tillage methods are significant at the 5 
percent level. 


Microbial counts are presented in Table 2. Inspection 
of the data shows that microbial populations were high and 
that tillage treatments affected the profile distribution of 
organisms in the soil. On statistical analysis, significance 
between treatments was encountered at the 5 percent level on 
three of the sampling dates, May 26-29, June 10-12 and 
August 5-6. On these dates, microbial numbers in the 0- 
to 3-in soil horizon with residues on the soil surface were 
higher by 13.9 percent, 44.3 percent, and 11.1 percent, re- 
spectively, than where no residues were present on the soil 
surface. In the 4- to 7-in soil horizon the reverse relation- 
ship was found in May and August and essentially no differ- 
ences in June. Here microbial numbers in plots without 
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surface residue were higher by 13.7 percent on May 26-29 
and 17.5 percent on August 5-6. 

The microbial distribution would indicate that very 
favorable conditions were present for microbial activity un- 
der mulch tillage. This would be expected since some of 
the mulch becomes mixed with the surface soil during tillage 
and planting operations. Rainfall was plentiful during May 
and June, and moisture was adequate. The high microbial 
counts would indicate that temperature and oxygen supply 
were favorable. 


TABLE 3. EFFECT OF TILLAGE METHODS ON PERCENTAGE OF NITROGEN, 
PHOSPHORUS, AND POTASSIUM IN CORN LEAVES ON 


WEBSTER SILTY CLAY LOAM, 1952* 


No fertilizer With fertilizer 
Tillage method N P K N 


Conventional 
plowing 1.48 2.18 
Plowed - residue 
removed 1.43 
Plowed - residue 
on surface 1.47 
Subsurface 


tilled 1.36 1.66 0.20 1.41 


*See Table 1 for fertilizer treatment. Differences in N content 
caused by tillage were significant at the 5 percent level. 


The microbiological study as such provides no basis for 
interpreting the significance of the yield data. However, 


as shown (Tables 1 and 2), corn yields were reduced on 
plots with surface residue and where microbial populations 


were highest in the 0- to 3-in horizon. This suggests that 
perhaps microbial activity is secondary to aeration and other 
factors that directly affect crop yields, or that microbial re- 
sponse as it affects nitrification or other soil processes is a 
factor directly influencing yield of corn. 

Soil-moisture samples were collected and the moisture 
content determined by direct weighings at five different dates 
from May to August. The moisture content between 0 to 
3in and 4 to 7 in was determined for each tillage treat- 
ment. A statistical analysis of the data shows no difference 
among treatments, so the data will not be presented. 

Soil temperatures were measured at four dates at two 
depths, 14% in and 5% in. On May 5, which was prior to 
any soil tilling, temperature measurements were made on soil 
covered with about 1 in of mulch and on bare soil occurring 
on the same plots. Temperature under the mulch was 
10.3 and 4.9F cooler than the bare soil at the 114- and 
5'4-in depths, respectively. Average measurements at other 
dates on all plots showed very little difference in tempera- 
ture. The maximum difference occurred on June 11 at 4:00 
p-m. when plowed plots with residues placed back on the 
surface were 5.5 degrees cooler in the surface layer than 
plowed plots without residue. At no time was there a differ- 
ence measured between the plowed plots and the subsur- 
face tilled plots. 

Soil structural measurements were made on 3-in core 
samples from all plots taken between July 18 and 22. The 
following determinations were made on the samples: mois- 
ture at sampling time, total porosity, pores drained by 50 
cm of water tension, pores not drained by 50 cm of water 
tension, and pores occupied by air at sampling time. The 
only statistical significant difference measured was the pores 
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drained by 50 cm of water tension. The average percentages 
of pores drained were 6.1, 5.6, 5.8 and 7.3 for the treat- 
ments conventionally plowed, plowed with residues re- 
moved, plowed with residues removed and then replaced 
on surface, and subsurface tilled, respectively. 

Corn leaf samples were collected at silking time from 
each plot in the 1952 experiment. The leaf opposite and 
just below the ear was selected for the sample. Analysis 
for nitrogen, phosphorus and potassium were made and the 
results are presented in Table 3. These data show that in 
all treatments with or without fertilizer the content of nitro- 
gen in corn leaves was too low for best corn yields. However, 
leaf nitrogen tended to be lower in corn grown under tillage 
methods which left crop residues on the soil surface than 
where residues were removed or plowed under. There was 
no significant difference in the uptake of phosphorus or 
potassium between tillage treatments although there was a 
tendency for potassium to be lower in the corn on subsurface 
tilled plots. 


Results in 1953 


In 1953 a similar experiment was conducted at An- 
keny, Iowa, but on a Nicollet silt loam soil. This soil oc- 
curs in association with the Webster soil used in 1952, but 
is lighter in texture and is found on gentle slopes in contrast 
to the flatter topography of Webster soil, and consequently 
has better surface d:ainage. Three rates of nitrogen fer- 
tilizer were used to study its effect on corn production un- 
der the different tillage methods. The treatrnents used and 
corn yields are presented in Table 4. 


TABLE 4. EFFECT OF TILLAGE METHODS AND NITROGEN FERTILIZER 
ON CORN YIELDS GROWN ON NICOLLET SILT LOAM IN 1953 


Corn yields per acre, bu*® 


Rates of nitrogen 
80 160 240 Av. 
Tillage methods 


Conventional plowing 115.9 122.8 119.7 119.5 


Plowed - residue removed 122.5 125.8 112.8 120.4 


Plowed - residue on surface 124.7 117.1 116.9 119.6 


Subsurface tilled 113.1 115.8 121.8 116.9 


i 


*Yields are not significantly different. In addition to nitrogen 
all plots received 400 lb per acre 0-20-20 plus 140 1b per acre 
4-16-8 (starter), 


These data show that all corn yields were high, and that 
no significant differences resulted from different tillage 
methods. Analysis of young corn plants and of leaves col- 
lected at silking failed to show any difference in N, P and 
K content as a result of tillage. No microbiological studies 
were made. 

Fertilizer rates used in this experiment are shown in 
Table 4. Nitrogen fertilizer (ammonium nitrate) was all 
broadcast just before planting. Phosphorus and potassium 
fertilizer was broadcast and plowed under on plowed 
plots and placed in bands 20 in apart and 3 to 7 in deep on 
subsurface-tilled plots. This made it possible to take ad- 
vantage of deep placement of mineral fertilizer and also 
kept fertilizer placement as uniform as possible on all til- 
lage treatments. Starter fertilizer was used on all plots 
since it is known to be especially advantageous where cool, 
moist soil conditions might be expected. 
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Adequate tilth and soil aeration apparently prevailed 
throughout the season even though two corn crops preceded 
the experimental crop. Soil oxygen determinations were 
made using essentially the method reported by Taylor (25). 
No differences due to tillage were found. Plowing and 
subsurface tillage were accomplished at a moisture content 
averaging 21.9 percent in the top 7 in of soil. This is ap- 
proximately 10 percent below field capacity for this soil. At 
this moisture content excellent soil shattering and loosening 
was obtained with sweeps. 

Corn stands were quite uniform on all treatments and 
averaged just over 18,500 plants per acre. Before planting, 
plots with surface residue were disked with the disk set 
straight. This broke clods and firmed the seedbed and still 
left most of the residue on the soil surface. Furrow openers 
were used on the corn planter and set just deep enough (2 
to 3in) to push trash aside and plant the corn in firm soil. 
This method of handling mulched plots has consistently 
helped to obtain good stands of corn. 

Excellent weed control was obtained in all treatments. 
A pre-emergence spray was applied using 2,4-D and two 
cultivations were given. 

The 1953 experiment had little value from the stand- 
point of isolating factors affecting corn yield under mulch 
tillage. However, it serves to demonstrate that when con- 
ditions are right, high corn yields can be obtained under 
mulch tillage, and they can be equal to those obtained with 
conventional plowing. 


SUMMARY AND CONCLUSIONS 


From the review of literature and the experimental re- 
sults discussed in this report, the following summary and 
conclusions are presented: 

1 Crop residue mulches tend to improve soil structure in 
the surface horizon. Also, they protect the surface layer 
of soil from the beating action of raindrops. 


2 Soil moisture is frequently higher under mulched soils 
than under bare soils. This is due to a higher infiltration 
rate and a lower evaporation rate when mulch is present. 


3 Soil temperatures are reduced by mulches. This re- 
duction may be large with heavy applications of mulch, but 
is quite small when only the residue from the preceding crop 
is allowed to remain on the soil surface. 


4 Soil tilth and aeration as factors affecting corn yields 
under mulch tillage appear to be important, but are difficult 
to measure and evaluate. In general, they vary in impor- 
tance with soil type, seasonal conditions and tillage tech- 
nique. Fine-textured soils and soils with poor natural struc- 
ture and inferior drainage and aeration give the most 
trouble. Cool, wet seasons accentuate aeration problems. 
Subsurface tillage machines influence aeration through the 
degree of soil shattering or loosening accomplished. There 
undoubtedly are differences in the performance of subsur- 
face tillers, but doing the tillage when soil moisture condi- 
tions are right may often be more important. A soil mois- 
ture content somewhat lower than considered satisfactory 
for plowing seems best. 


5 The availability to plants of soil nitrogen and potas- 
sium is frequently lower under mulch tillage than with con- 
ventional plowing. Tillage practices appear to have little 
influence on the availability of phosphorus. 
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6 The availability of soil nitrogen appears to be more 
affected by the location of the mulching material than by the 
tillage tool used in preparing the seedbed. On the other 
hand, the availability of soil potassium is affected primarily 
by soil moisture conditions and tillage as they influence 
soil tilth and aeration. 


7 Applications of fertilizer help te alleviate reduced 
availability of nitrogen and potassium under mulch tillage 
and increase corn yields. In some experiments when adequate 
fertility was present, corn yields under mulch tillage have 
been equal to those obtained with plowing. In other experi- 
ments this has not been true. This suggests that other un- 
favorable growth conditions were present, or that the amount 
and kind of fertilizer was inadequate, or that the placement 
of fertilizer was not right. More study is needed on fertilizer 
requirements for mulch tillage. 


8 Mulch tillage influences the profile distribution of 
soil microorganisms. Microbial numbers and activity are 
greatest in the soil horizon containing the mulch or residue. 
When residues are placed on the soil surface or mixed in 
the top 3 in, decomposition is stimulated and the availability 
of nitrogen may be sharply reduced, especially during the 
first few weeks of decomposition. If corn growth is to pro- 
ceed satisfactorily, there must be an adequate supply of 
nitrogen for both microbial activity and plant use. 


9 Corn stands are frequently lower and weed popula- 
tions higher under mulch tillage than under plowing. 
These factors must be controlled if fair yield comparisons 
are to be made between different tillage methods. 


BIBLIOGRAPHY 


1 Albrecht, W. A. Nitrate accumulation under straw mulch. 
Soil Sci. 14:299-305. 1922. 


2 Albrecht, W. A. and Uhland, R. E. Nitrate accumulation 
under a mulch. Sol Sci. 20:253-267. 1925. 


3 Alderfer, R. B. and Merkle, F. A. The comparative effects 
of surface application vs. incorporation of various mulching ma- 
terials on structure, permeability, runoff and other soil properties. 
Soil Sci. Soc. Amer. Proc. 8 (1943):77-86. 1944. 


4 Bennett, W. F., Stanford, G. and Dumenil, L. Nitrogen, 
phosphorus, and potassium content of the corn leaf and grain as 
related to nitrogen fertilization and yield. Soil Sci. Soc. Amer. Proc. 
17:252-258. 1953. 


5 Bower, C. A., Browning, G. M. and Norton, R. A. Compara- 
tive effects of plowing and other methods of seedbed preparation 
on nutrient element deficiencies in corn. Soil Sci. Soc Amer. Proc. 
9:142-146. 1944. 


6 Broadbent, F. Factors influencing nitrogen transformations 
in soils as determined by means of isotopic nitrogen. M. S. thesis, 
Iowa State College, 1946. 

7 Dawson, R. C., Dawson, V. T. and McCalla, T. M. Distribu- 
tion of microorganisms in the soil as affected by plowing and sub- 
tilling crop residues. Nebr. Agr. Expt. Sta. Res. Bul. 155. 1948. 

8 Duley, F. L. and Russel, J. C. New methods of rainfall and 
soil moisture conservation. Annual report of Nebraska State Board 
of Agriculture:121-131. 1940. 

9 Duley, F. L. and Russel, J. C. Using crop residues for soil 
defense. USDA Misc. Pub. 494:1-16. 1942. 

10 Duley, F. L. and Russel, J. C. Stubble mulch farming to 
hold soil and water. USDA Farmers’ Bul. 1997:1-32. 1948. 

11 Englehorn, C. L., The effect of tillage methods on soil 
and moisture conservation and crop yields at Langdon and Adgeley. 
North Dakota Expt. Sta. Bul. 341:1-35. 1946. 

12 Gamble, S. J. R., Edminster, T. W., and Orcutt, Fred S. 
Influence of double-cut plow mulch tillage on number and activity 
of microorganisms. Soil Sci. Soc. Amer. Proc. 16:267-269. 1952. 

13 Hall, N. S. Root distribution and fertilizer placement. 
Farm Chemicals. 115:25-31. 1952. (Continued on page 736) 


i cS, hee gt et eR eee ear? 
ad Se 3 eee! = eer LE ae ie he ie 
at Fhe oe ae e235 7 ni a 5 Lier ne as i ies 
a” is dee | ae SPaies ye 7 oe i ee RS es 
ic ek Lae ete Ml 8 PM a ie an ; ag Catee a " moe Bib e ee ahs aie 
ee eer, A wee eo Rene 2 4 aes ett Poh OF 
Bao tee + ee Setar es Fi Bs i Rs : par Sait seam ar ch. 
ae Pe neg. a “3 ogy a oe oe ai fs ee aer Bye 5 Bees ik 
aE eee cae si ‘. 4 9 Lge i oe xe ee RS ee OY apo Rupes ; : 
igs eas as ‘iene, nat et een Se ene RT are ca ay in Sap ee ee Ri Ce ee ere canes cow Nee. 
Recipies i) a aetar es A ee) eee nee eee ee ee Sores aun | pee he aks Poe = a RS 
Ce Spe ale gee ~ BI nee Oe eee See on | ; 
meee + a | capa A ane Si (0 See Sot ar ee eee ee, 
SOE oo ee , x 
a Se ee . 
oe. peste 
axe a 
ee oe : 
Ry | 
yar 
hte | 
ag £ he | 
GRA Woche 
Jee a ~ : 
oe eee 734 : 
bo tege 
Bes ae « 
Suc etiate x 
ati. a 
ee cas ¢ 
cee a ae i: 
cb etree 4 : e 
i ee 2 
Ne Rosa ’ 
oA ia 
PR ae a 
> eal, | : 
ee i tis 
Res NS i 
oe ; | a 
er eas Fe ho ) 
Pm dipeaieias eie . 
Cea & a>! | 
Me ee | | 
ae 3 Eee = 
ee | 
‘ile ae 
Tee ye 
Ae eee Se 
OY eB. Se : 
Resse a 
Dayt Sear ; 
a ee | 
gto KD a 
ers ea \ 
5 eS Bets Ar: 
9) ee a= fi 
1 ale Jean qi 
i ae 
Sf es o 
yi aeomieeg Ye - i 
ry b shiget ws Se : 
Se Bia acs’ fi | : 
ag Ss: 
se eee G 
3 te 
i ate ‘ 
Pe icetad : 
we ke. wee | | 
a j - 
eas, | . 
Kea ae f 
| 3 ae 
aaa “ 
ay aa . 
a Ss ae . 
a 1 EDs 
fy Aa Be} . 
BENG a 
ee : 
gest ns : 
ae * 
i Ne. & 
no eee q 
ee « 
th) Me a3 
ae LA ea 7 | 
LS ; ies 
Minicom | 
Me Bye inter fe } : 
he Ree | ; 
Rae } ei 
peo kw 7 
aa ee : 
on ae 
8 oa | . 
eg % 
Re i 9 9 aa i 
pS tiara 3 
; _ 
a i Ser 
Saar : 
at Le g 
Say © eae . 
a4 Bieta | 
i _ 
ta ae 
a i a 
chee ieae a 
REL LAR atk | 4 
oe eee 
eras vt F | 
: ane, cn | 
fl pte ae | y 
per tees oe | | 
= Re ae . 
ai ek +e ee! 
ns aoe Ls es 3: 
eee rae g 
ie ae ¥ 
Aa ie 
ee | Ty ie | , 
Beatog a a 
ty. ree | : 
BA so oa ss 
acme ¢@ 
Fis, owe ; 
et ee 
Se Pages Toe | 
> Series et 
eee | ; 
hearin dees : 
oes Kou : 
wen Leigh . e 
oh 
eekCse, 1 oe 3 
Brig ft che ee team ’ 
4u ie arial ‘< : 
oe FY ae « 
May eam & 
a Pe Stars, a 
PV Sick: ven ee " 
<OcEh Soe x: . 
We vows oa g 
Bs i= 3 
Me A, Sees ; a 
poe eG ; 
padre ‘ 
AA veoeneee : 
Pee eer : 
Re me Le) s 
sitEn Ce : 
Wa aT a : 
it aealcs . 
fewest 
5 NERS a | 
ees Ae | 
Set sae : 
yea oe Bas : 
PSS ae : 
Seas 
Pa ee : 
Wee Wry tae Glee | 
Jovi fc ee | 
Rie ht Sa aa , 
ee ee # 
Biot cate : 
NE Free vote : 
ee i . 
Birt or bg | 
at ae i 
rat Cage : 
Pay tures oo : 
ve eae : 
meet | ae 
Se 
ea a ‘ 
Ct rete 
as ieee ' 
Pi» cg een ; 
igs Ss oo ies So 4 
£54, SE 2 j 
‘seen geben g or aay 
oo ee 
Ce ae : 
i ee gana : 
OES ar iis a 
Ne Ps, TES Saha 
Rae a bad : 
Bis Sema et: q 
SUsaai ea ¥ 
yee Seta s cee : 
oe - i) 
Si Be as es | 
it. Witemae ‘ 
yen hs 5 
eee brs aamee gaa , 
oe OAT Woe ae de . 
aye em katt 
COR ee eee al pealataa Rani Ea aera, at et 
2 get a Sens gee hemes. eee e OULD a peace Pee me 
SEIN Ay Ce” ane edi 4S oT Yee Aaa 5 7 ee ee. ah tere Mee he ae ae 
A sal ok 15. Se ‘+ Se ee si pice be a ee Wie ee, Sa PE, ae ae Be 
eM es a oe _ ~~ SAI 2 tt Ne ak Fad 0 a ee Poerers i.8 ie s ork Age Mega ia EES ce 3 tee 
eg Sc Go a WE i Soa ix SS yf “epee eee | : is BN gap » eee Phe % Fale ge psi 
EAL, Spy eee ee ee pe as it. ag Tey: SAC ee St m4 Peds 2p eee eee Ro 
oe ney i a Ee sane a besitg.  S ae: eee MR ey ii a 5 ea ane 
Gore ae. a a eS Ri = aa HAS te tye gS) hee ea Sear: eee te ea FF SNA so es ar, Sa ce 
gt epee ct tk ee ot? a ‘ 8 ge i ee cigs ea ae ee ae . 
? Lo ate, en . He Se gee ata re ita bes a : ie Z Pe aiece. “ie 
pases Aa re ea a gS Ape ; . Bee arr : 
TES ah ak ta 
Be ae gh 
ake 
bi Tt ee. 
a ee ry 
goin ony ce oe 
eu etd a ae 


AGRICULTURAL ENGINEERING for October 1954 


Drying Rice with Unheated Air 


Stanton Morrison 


Assoc. Member ASAE 


harvested at a moisture content above that at which 

it can be safely stored. It is usually harvested when 
it contains 16 to 24 percent moisture, whereas the maximum 
moisture content for safe storage is 12 to 14 percent. 

Since the time that the combine came into general use, 
the bulk of the crop has been dried in column-type continu- 
ous-flow driers using heated air. The rice was then sold 
or put in commercial storage. Because of a shortage of 
commercial storage and an interest in drying and storing on 
the farm, research was undertaken at the Rice Pasture Ex- 
periment Station, Beaumont, Tex., to determine the prac- 
ticability of drying rice in storage bins in quonset buildings 
and similar structures. Tests using both heated air and un- 
heated air have been conducted. Drying in bins with 
unheated air has certain advantages as compared with heated 
air. Among them are lower equipment cost, less attention 
required, less fire hazard, less stratification of moisture and 
little likelihood of overdrying the grain. 


R: of higher milling quality is obtained if it is 


%o 


Recative numoity io “ko 
SEPTEMBER | - 15 


40 
RELATIVE HUMIDITY” 
SEPTEMBER 16-30 


Fig. 1 Percent of time relative humidity was indicated value or less 
(Beaumont, Tex.) 


Tests were carried out using 500 to 550-bbl bins in a 
32-ft and a 16-ft quonset. (One barrel weighs 162 lb and is 
equal to 3.6 bu.) The results proved encouraging so small- 
scale tests were conducted to obtain information on opti- 
mum air-flow rates and operating procedure. The results 
of the small-scale tests using unheated air are reported 
in this paper. 


Weather Conditions 


A disadvantage of using unheated air is the dependence 
upon favorable weather conditions for satisfactory drying. 
A study of weather conditions of the Beaumont area, par- 
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ticularly with respect to relative humidity, was made to 
determine if unheated air drying could be relied upon. It 
was also desirable to know how the weather which pre- 
vailed during any test compared with that normally expected 
for that period. An example of the results of this study is 
shown in Fig. 1. From these curves the amount of time the 
relative humidity was within any given range during the 
15-day period may be obtained. The farther to the left a 
curve is, the drier the weather was during that period. Sim- 
ilar curves were obtained for four other months. Out of 
60 periods analyzed every one except one had relative hu- 
midity at or below 80 percent at least 25 percent of the time. 
The one exception occurred when a Gulf hurricane affected 
the area. 


Equipment 

The bins, 30 in square and 8 ft deep, were constructed 
of plywood with a 2x 4 framework. They were placed in 
one end of a 32-ft quonset with blowers located to draw air 
from the outside. The air-flow rate to each bin was con- 
trolled by an orifice and an adjustable gate. Each bin had 
thermocouple junctions spaced along the vertical center line at 
one foot from the bottom, center, and one foot from the top. 
Sampling ports were placed near the bottom and at the center. 


Test Procedure 


The rice used in these tests was loaned by farmers in 
the area. Samples from three levels in all bins at the start 
of the tests were air dried in thin layers in trays and used as 
checks. Moisture determinations were made with a Brown- 
Duvel moisture tester every two to seven days. Tempera- 
ture and pressure readings were taken periodically. Four 
air-flow rates were used and were calculated from the pres- 
sure drop across the orifices. The blower on one set of four 
bins was controlled by a humidistat set at 75 percent relative 
humidity. The blower on the other four bins was operated 
continuously. Air was pushed up through the bins. 


Results 

Two tests were conducted in 1953. The rice used in the 
first test was relatively dry. The rate of moisture reduction 
is shown in Fig. 2. There was little variation of moisture 
throughout any bin. Operating time for the intermittent 
operation was approximately 50 percent of total time. These 
results indicate that rice in this range of moisture may be 
dried faster with intermittent operation. The advantage is 
greatest with the higher air-flow rates. The composite sam- 
ple taken from every bin at the end of the test showed an 
increase in percent of head rice over the check sample. 
There was no significant change in germination. 

The results of the second test are shown in Figs. 3 and 4. 
Operating time for the blowers on the bins which received 
intermittent operation was approximately 30 percent of total 
time. Faster drying was obtained with continuous opera- 
tion at all air-flow rates. There was also less variation in 
moisture with this procedure. A minimum air-flow rate of 
6.7 cfm per barrel is indicated from this test. However, 
the recommended rate should be somewhat higher to take 
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Fig. 2 


into consideration more severe weather and rice with higher 
initial moisture content. 

The rice in the bin with intermittent operation at the 
lowest air-flow rate was dried after two months time. At 
one time the rice in the top of the bin had a musty odor, 
but this disappeared and the final milling test showed no 
loss in quality. Of a total of 24 samples taken for the final 
milling tests all but one showed an increase in head rice 
with an average increase of 3.6 lb per 100 Ib. The germina- 
tion increased from an average of 85.6 to 91.5 percent. 


Summary and Recommendations 


Tests at Beaumont, Tex., indicate that rice can be dried 
using unheated air under weather conditions of the Texas 
rice belt. It will be necessary, though, for the operator to 
follow certain procedures for best results. The following 
recommendations are made on the basis of all the tests con- 
ducted at Beaumont: 

1 Dry rice with at little foreign material as possible, and 
fill the bin to prevent “'trash’” from accumulating in pockets. 

2 Fill bins to a maximum depth of 10 ft if the rice con- 
tains less than 18 percent moisture and 8 ft if the moisture 
content is above 18 percent. 

3 Select ventilation equipment which will provide an 
ait-flow rate of not less than 7.5 cfm per bbl with a recom- 
mended rate of 9.0 cfm per bbl. 

4 Start the blower as soon as possible after the air ducts 
are uniformly covered with rice. 

5 Push air through the rice continuously, except when a 
period of extremely high humidity last longer than 24 hr. 
During such periods, operate the blower 2 to 3 hr each day 
to prevent heating until the weather clears. Continue with 
this procedure until the moisture content of the top foot of 
the rice is reduced to about 16 percent. Then push air only 
when the outside relative humidity is 75 percent or less. 
When the moisture content of the rice in the middle layer 
of the bin is 14 percent or less, reverse the blower and pull 
air down through the rice, until the moisture is not more 
than 13% percent (12'4 percent for storage over 6 months) 
in any part of the bin. During the period when air is 


(Left) Moisture content during drying of rice in bins 8 ft deep using unheated air. Test started Sept. 9, 1953 « 
Moisture content during drying of rice in bins 8 ft deep using unheated air. 
content during drying of rice in bins 8 ft deep using unheated air. Test started Oct. 19, 1953. 
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Fig. 3 (Center) 


Test started Oct. 19, 1953 © Fig. 4 (Right) Moisture 


pulled through the rice, operate the fan when the relative 
humidity is 75 percent or less. 

6 Aerate during storage by pulling air down through 
the rice when the outside temperature is 10F or more below 
the average grain temperature and outside relative humidity 
is 80 percent or less. 


Effects of Mulch Tillage 
(Continued from page 734) 
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Mr. Apams has found a variety of 
uses for his 36’ x 60’ x 12’ steel build- 
ing. ‘““This new steel building is just 
the thing for machine storage,”’ he 
says. ‘““‘We can take any machine on 
the farm through those 20-foot-wide 
sliding doors. And my steel building 
is just right for livestock, too,”’ con- 
tinues Mr. Adams. “It’s weather- 
tight, easy to partition, and it’s 
simple to keep clean.” 


@ When buying a Factory-Built 
Steel Farm Building, ask for 
USS Galvanized Steel for 
roofs and sides. This product 
has a certified galvanized 
coating produced to ASTM 
Specification A-361. This is 
your assurance of a high 
quality building. 


Uss 


i Pittsburgh 30, Pa. 
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most adaptable Ive ever used’ 


says F. R. Adams of Lenexa, Kansas 


ee 


Steel buildings give maximum, un- 
broken floor area because there are 
no upright columns in the middle of 
the floor. Machinery can be moved 
freely about without having to jockey 
around supporting posts. Further- 
more, steel buildings are fire-resist- 
ant. And their sturdy construction 
resists the forces of strong winds and 
hard usage. No doubt about it— 
steel is the ideal material for farm 
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buildings, because steel buildings 
give exceptionally long service at 
the lowest maintenance cost. 

Farmers and dairymen will tell 
you—you get the most for your 
money when you invest in a Factory- 
Built Steel Farm Building manufac- 
tured with long-lasting USS Galva- 
nized Steel Sheets for roofs and walls, 
and a USS Structural Steel frame- 
work. 


RE GERGESE UENOK'S OR ERAGE TATE: EO ees Be ToTeE. a 
Agricultural Extension Section 


United States Steel Corporation 
Room 4360, 525 William Penn Place 


I am interested in steel buildings for the following: 


O machinery storage 


0 cattle shelters 


O grain storage 


O dairy barns 0 hay storage O poultry houses 
Se MN Gis naes.6+ ess cceecuadeb6cn%e0k0 
i OE a ea nc Lda ween Aho eke RSs need. ao Adorn sess i 
O Please have a Steel Building representative call on me with further information. 
Send information to: 
Ps iisiccsnccese 006.010,.60:06.000006060 C00 0S080C0 00000006008 0106.0000.00:00000600000000000 f 
ME onc ssccudsausnceses pb RS des OEES EES N OSES OS RAAT aba heheks bed skabee es 
i EERE ene nee tee ey ee ee ae ey ae eee eee PR ii cccctnns dt ncasawwes i 
United States Steel Corporation produces high-quality USS Galvanized Sheets and Structural 


Steel which our customers manufacture into durable farm buildings. Your requests for in- 
formation will be forwarded to the manufacturers of these buildings, and you will hear di- 


rectly from them. 
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INSTRUMENT NEWS 


Kart Norais, Editor 


Sponsored by the ASAE Committee on Instrumentation and Controls. 
Contributions on agricultural applications of instruments and controls and 
related problems are invited, and should be submitted direct to K. H. 
Norris, Agricultural Research Center, Beltsville, Md. 


The Two-Ball (Total Spherical) 
Radiometer 


R. V. Dunkle and J. T. Gier 


HE radiation heat load is very important in the study 

of environmental effects on farm animals. As the 

animal is three dimensional, one is concerned with 
radiation arriving from all directions, and it is thought that 
the total spherical radiation (total radiation falling upon a 
sphere of unit area) is a valid indication of the radiation 
load upon an animal in the same environment. Following 
the suggestion of C. F. Kelly, University of California, 
Davis, and T. E. Bond, U.S. Department of Agriculture, 
the two-ball, total spherical radiometer (Fig. 1) was de- 
signed to measure the total radiant energy from the sur- 
rounds. Briefly, the principle of its operation is as follows: 
If two spheres, one with a high absorptivity (blackened ) 
and another with a low absorptivity (silvered), are exposed 


The two-ball, total spherical radiometer designed by the authors 


to radiant energy, the one with a high absorptivity will ab- 
sorb more energy than the other. Additional heat is sup- 
plied to maintain the spheres at equal temperature and is 
a measure of the radiant energy. Heat losses, other than by 
radiation, from the two spheres are equal since the spheres 
are at equal temperatures. 

The control system is designed to automatically keep the 
spheres at equal temperatures. A copper-constantan thermo- 
couple is affixed to each of the spheres. The thermocouples 
are connected in opposition and the difference in voltage is 
utilized to control the heat input to the silver sphere. When 
the silver sphere is colder than the blackened sphere, a posi- 
tive signal results, and, conversely, when the silver sphere is 
warmer, a negative signal results. 

The signal from the thermocouples is fed into a power 
amplifier which drives a balance motor. Depending on the 


The authors—R. V. DUNKLE and J. T. GieR—are, respectively, 
associate professor of mechanical engineering and associate pro- 
fessor of electrical engineering, University of California (Berkeley). 
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polarity of the input signal the motor is driven either clock- 
wise or counterclockwise. The motor drives two rheostats, 
one which is used to introduce a small bucking voltage into 
the thermocouple circuit and the other to vary the power in- 
put to the silver sphere. 

When a positive voltage (silver sphere colder) is fed 
into the power amplifier, the motor drives the rheostats and 
more power is supplied to the silver sphere. When the two 
spheres reach equal temperature there is no input to the 
amplifier and the motor remains motionless. If a negative 
voltage is fed into the system, the power to the silver sphere 
is reduced. 

The small variable bucking voltage is introduced into the 
thermocouple circuit to reduce overshooting the balance 
point and to increase stability. The further from balance 
the system is, the greater this input, which prevents excessive 
unbalance and reduces cycling. This voltage makes it pos- 
sible to reach a balance point even though the spheres are 
not exactly at the same temperature. The error due to this 
has been calculated and the results show that it is negligible. 

The current input to the black sphere is held constant at 
a predetermined value and the current input to the silver 
sphere determined by recording the voltage drop across a 
fixed resistance. The temperature of the balls is also ob- 
tained by the recorded output of the thermocouple in the 
black sphere. 

An energy balance performed on the system reveals an 
equation for computing the total radiation as follows: 


G:=o T*+ K(12—1,2) 
where G, =total irradiation in Btu/(hr) (ft®) received from 

all of space 

o=Stefan-Boltzmann radiation constant=1.714 x 
10° Btu/ (hr) oft?) (deg R*) 

K=constant for system involving absorptivities and 
areas of spheres and conversion factors 

1,=current to silver ball in amperes 

1,=current to black ball in amperes 

T =temperature of balls (black ball), deg R. 
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Cheaper Irrigation Ditches 
Western Nebraska farmers have developed a new and cheaper way 
to build and maintain irrigation ditches—by mounting used highway 
snowplows on their track-type tractors. This picture shows a Cater- 
pillar D6 tractor on which snowplow blades has been installed. The 
blades are hydraulically controlled and the lower portion is cut to a 
35-in ditch bottom width 
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“JUST RIG 
for diversion ditches and terraces,” 


SAYS GORDON J. GIBSON, CONTRACTOR 


Right size, speed, balance and traction combine to blade control and exclusive ROLL-AWAY mold- 


make the Allis-Chalmers Model D Motor Grader board permits smooth finishing so that farmers can 
a natural for building terraces and diversion ditches, cross contours with farm machinery. 

according to Gordon J. Gibson, Claremore, Okla., — ee ee oe 
contractor. 


weighs 8,800 lb, travels at speeds up to 25.6 mph, 
Mr. Gibson, who specializes in earth moving for and is powered by the famous 50-hp POWER.-, 


conservation projects, finds he can build a terrace CRATER gasoline engine. It has all the essential 
in just 13 rounds with the Model D. It takes the design features of large motor graders, yet costs 
same number of rounds — sometimes more — with only one-third as much. Special equipment includes 
larger, less maneuverable motor graders. power circle turn, leaning front wheels, mid-ship 

— ee a ee scarifier, rear-end hydraulic loader, and snowplow. 
to fence lines and deep into the corners, eliminating Write for complete literature or ask your Allis- 
the need for special equipment. Accurate hydraulic Chalmers industrial tractor dealer to show you the 


Model D in action. 


ROLL-AWAY and POWER-CRATER are Allis-Chalmers trademarks, 


ALLIS-CHALMERS 


RACTOR DIVISION + MILWAUKEE 1, U.S.A. 
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Preview of Program for the 1954 ASAE Winter Meeting 


ECEMBER 6, 7, and 8 are the dates of 

this year’s winter meeting of the Ameri- 
can Society of Agricultural Engineers. The 
location of the meeting is the Edgewater 
Beach Hotel, Chicago. The executive com- 
mittees of the Society’s four technical divi- 
sions — Power and Machinery, Soil and 
Water, Farm Structures, and Rural Electric 
—are presently in the process of completing 
arrangements with an array of speakers, 
whose choice of subjects and professional 
background provides abundant assurance for 
all who will attend the meeting that the 
program will be at least equally as interest- 
ing and informative as any of the ASAE 
winter meetings previously held during the 
30 years since they were inaugurated. 

ASAE members are being supplied with 
means for making advance guestroom accom- 
modations at the Edgewater Beach Hotel, 
and non-members interested in attending the 
meeting should communicate with the cen- 
tral othce of the Society at St. Joseph, 
Michigan, for copies of the hotel reserva- 
tion form and the program of the meeting 
SESSIONS. 

The main feature of the meeting will be, 
as usual, the technical programs arranged 
by the Society's four technical divisions. In 
addition, the Education and Research Divi- 
sion is arranging a half-day program that 
will be of particular interest to all agricul- 
tural engineers whether in industry, state, 
federal, or private employ. Following are 
the highlights of the program in the present 
stage of preparation: 


Power and Machinery Program 


The presiding chairmar. of the first ses- 
sion of the power and machinery program, 
on Monday forenoon, December 6, will be 
the chairman of the Power and Machinery 
Division, Roy Bainer (chairman, agricul- 
tural engineering department and assistant 
dean of engineering, University of Califor- 
nia). The program for the session will 
open with a paper on high-speed photog- 
raphy as an aid in farm machinery design 
by E. C. Carlson, chief engineer, and R. B. 
Barnick, photographer, advanced engineer- 
ing department, International Harvester Co. 
This will be followed by a paper on instru- 
mentation for stress analysis to be presented 
by Stanley D. Gralak, supervisor, stress 
analysis division, materials engineering de- 
partment, Deere & Co. The concluding 
paper of the session will be presented by 
L. H. Schoenleber, engineer in charge of 
the central testing laboratory, J. I. Case Co., 
on the use of strain gages and stress coats in 
farm machinery design. 

Presiding at the afternoon session on 
Monday, December 6, will be the vice- 
chairman of the Power and Machinery Divi- 
sion, Byron T. Virtue (sales manager, bear- 
ings division, The Torrington Co.). The 
first scheduled speaker at this session will 
be W. S. Horsefield, chief engineer, Whit- 
rey Chain Co., whose subject will be 
“Improving the Fatigue Life of Roller 
Chains.” The second speaker on this pro- 
gram will be Clarence A. Hubert, manager 
of engineering, farm tractor division, Inter- 
national Harvester Co., who will discuss 
the ‘‘Electrall’’ system, the experimental 
electric generating unit mounted on a cur- 
rent model of the Farmall tractor which 


gives promise of developing new techniques 
in the application of power to agriculture. 
The third speaker at this session will be 
John B. Liljedahl, a member of the agricul- 
tural engineering staff of Purdue University, 
who will discuss the use of mechanical 
energy in soil strip weed control. This will 
be the concluding paper of the session. 


At the forenoon session on Tuesday, Dec. 
7, the presiding chairman will be the junior 
past-chairman of the Power and Machinery 
Division, George M. Eveleth (chief engi- 
neer, Rock Island Works, J. 1. Case Co.). 


The first paper on the program of this 
session is titled “Mechanical Aids for Har- 
vesting and Pruning Trees’ and is authored 
by Fred Hill and Robert W. Brazelton, 
Blackwelder Manufacturing Co. The second 
paper will be presented by H. D. Bruhn, 
professor of agricultural engineering, Uni- 
versity of Wisconsin, and is titled “Present 
Status in the Development of Hay Crush- 
ers." The concluding paper of this session 
will report a laboratory and field study of 
power requirements of the forage harvester 
and will be presented by F. Z. Blevins of the 
Allied Chemical and Dye Co. and previously 
on the agricultural engineering staff of Pur- 
due University, and H. J. Hanson, also of 
the Purdue staff. 

Vice-chairman Byron T. Virtue will pre- 
side at the forenoon session on Wednesday, 
December 8, which will open with a paper 
titled “The Semiself-Propelled Machine — A 
New Concept in Harvesting Machines’ to 
be presented by R. W. King and Brantford 
G. Elliott, project engineers of Massey- 
Harris-Ferguson, Inc. 


The second paper on this program will be 
a progress report on studies at the Ohio 
Agricultural Experiment Station on drying 
and storage of combined wheat to be pre- 
sented by Homer T. Hurst, agricultural 
engineer. N. B. Akesson and W. E. Yates, 
agricultural engineers, University of Cali- 
fornia, are listed as authors of the third 
paper on this program entitled “Air Wake 
Characteristics of Agricultural Aircraft.” 
This will be followed by a paper presenting 
a summary of wind tunnel studies of dis- 


ASAE Meetings Calendar 


October 14 and 15 — PaciFic NorTHWEST 
SECTION, Davenport Hotel, Spokane, 
Wash. 


October 23 — MICHIGAN SECTION, Agricul- 
tural Engineering Building, Michigan 
State College, East Lansing 


November 4 and 5— GEORGIA SECTION, 
Dinkler-Plaza Hotel, Atlanta, Ga. 


November 5 — IOwA-ILLINOIS SECTION, 
American Legion Club, East Moline, III. 


December 6-8 — WINTER MEETING, Edge- 
water Beach Hotel, Chicago. 


February 7-9—SOUTHEAST SECTION, Brown 
Hotel, Louisville, Ky. 


June 12-15, 1955—48TH ANNUAL MEETING, 
University of Illinois, Urbana 
Note: Information on the above meetings, 


including copies of programs, etc., will be 
sent on request to ASAE, St. Joseph, Mich. 
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tributors for agricultural aircraft by James 

Henry of Ohio State University. The 
concluding paper on this program will be 
presented by Austin A. Armer, agricultural 
engineer, Spreckels Sugar Co., which will 
discuss European equipment and practices in 
root harvesting. 

Chairman Roy Bainer will preside at the 
concluding half-day program to be presented 
by the Power and Machinery Division, on 
Wednesday afternoon, December 8. The 
entire session will be devoted to the subject 
“Hydraulic Power Transmission.” The sub- 
ject will be discussed in relation to its appli- 
cation to the agricultural implement and 
tractor field. Three phases of the general 
subject will be covered, namely, hydraulics 
in power transmission, characteristics of 
hydraulic-power transmission, and applica- 
tion of hydrostatic-power transmission. The 
three speakers to be announced who will 
present these three different phases of the 
subject will be representatives of Vickers 
Division of The Sperry Corp., Hydreco 
Division of The New York Air Brake Co., 
and the Berry Division of Oliver Iron and 
Steel Corp. 


Soil and Water Program 


The Soil and Water Division has planned 
a program featuring a half-day session ar- 
ranged by each of its four group chairmen, 
and meetings of its several committees. 

T. W. Edminster, chairman of the Divi- 
sion, is to preside at the opening session, 
Monday forenoon, December 6. The pro- 
gram on the general subject “Engineering 
Erosion Control Practices’ was arranged by 
John R. Carreker, chairman of the Soil Ero- 
sion Group. 

Subjects and 3peakers scheduled are “A 
Study of Parallel Terracing” by Howard D. 
Wittmuss, University of Nebraska; “Runoff 
and Erosion in the Upper Mississippi Val- 
ley” by Orville E. Hays, Agricultural Re- 
search Service, USDA; “The Effects of 
Rainfall Characteristics on Soil Losses from 
Cotton” by A. P. Barnett, Agricultural Re- 
search Service, USDA, and University of 
Georgia, and ‘Some Engineering Aspects of 
Soil Management for Erosion Control” by 
M. L. Nichols, Agricultural Research Serv- 
ice, USDA. 

The Monday afternoon program, on irri- 
gation, was arranged by Wayne D. Criddle, 
chairman of the Irrigation Group; Ernest H. 
Kidder, chairman of the Committee on 
Sprinkler Irrigation Research, will preside. 
(Mr. Criddle received an unexpected tem- 
porary foreign-duty assignment after arrang- 
ing the program and the date of his return 
is somewhat uncertain.) Papers tentatively 
scheduled are “Linings for Small Irrigation 
Reservoirs and Farm Ditches’ by V. H. 
Scott, department of irrigation, University 
of California; “Pasture Studies in Southern 
Illinois” by B. A. Jones, University of IIli- 
nois; “Irrigation Studies on Pasture and 
Other Crops at Hartley, Montana” by O. W. 
Monson, Montana State College; ‘Design 
of Sprinkler Systems for Pasture’ by W. D. 
Howell, Choctaw, Inc.; “Progress Report of 
the Committee on Sprinkler Irrigation Re- 
search” by Ernest H. Kidder, and “Progress 
Report of the Committee on Specifications 
for the Installation of Concrete Irrigation 
Pipe’ by Milo W. Hoisveen. 

The Hydrology Group program is sched- 
uled for Tuesday forenoon, December 7, 


(Continued on page 742) 
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L. F. Nelson (right) shows Texaco Man Roy 


: 7 
Stubbs of Davenport, Washington, his “serv- ie sa@ves t a mye Ee 


ice station” on wheels. Mr. Nelson lubricates 
his equipment in the field with Marfak lubri- 
cant because it sticks to bearings better and a L. F. NELSON, prominent farmer, near Davenport, 
Sig peony phn wigs be - ee eae S. Washington, who raises 1,500 acres of wheat, finds 
that he saves a lot of valuable time during harvest- 
ing operations by lubricating his equipment in the 
field. In the back of his pick-up truck he carries a 
compressor with twenty feet of hose and Marfak 
lubricant. 
After operating his tractor for eight years, 
he pulled out a roller and found the bearing 
in perfect condition, thanks to 
Marfak lubricant. 
Mr. Nelson has been using 
nothing but Texaco Products for 
Bs I more than twenty years. He uses 
—- eal oe ; Advanced Custom-Made 
Seane ak ‘. aa ul Havoline and Ursa Heavy 
ah Duty Motor Oils, Universal 
Gear Lubricant EP, Diesel 
Chief, and Fire Chief Gaso- 
line, besides Marfak. 


like Texaco Men the country +7 
over |Roy Stubbs (right) "3m 
gives on-time, neighborly 5 
service. Mr. Nelson is “fill- — 
ing up” his Caterpillar 
with Diesel Chief, the fuel 

that gives superior power 

in diesel motors, ensuring 
low-cost operation. 


a ee id secon ‘iat THE 

. S$. Knowlton, (left), Director of the Delta Council, en clue ™ 
operates a 3,500-acre plantation near Perthshire, In town or on the highway, farmers and ranchers find OMPAN 
Mississippi, with twenty-seven tractors and other Texaco Dealers give friendly, helpful service. Only Texaco 

farm equipment. Advanced Custom-Made Havoline Dealers have new top octane Sky Chief gasoline, Super- 

Motor Oil with an exclusive formula of Balanced Charged with Petrox, to give maximum power and a 

Additives wear-proofs engines, keeps them clean and engine wear ... and famous Fire Chief, at regular prices, 

free from sludge, corrosion and rust. Texaco Man both 100% Climate-Controlled for top performance. You 

C. M. Shaw, Jr., Shelby, Mississippi (right), serves can also get Advanced Custom-Made Havoline, the motor 

Knowlton Plantation. oil that wear-proofs engines for longer life. 


DIVISION OFFICES: Atlanta 1, Ga.; Boston 17, Mass.; Buffalo 3, N. Y.; Butte, Mont.; Chicago 4, Ill.; Dallas 2, Tex.; Denver 5, Colo.; Houston 1, Tex.; 
Indianapolis 1, Ind.; Los Angeles 15, Calif.; Minneapolis 3, Minn.; New Orleans 12, La.; New York 17, N. Y.; Norfolk 1, Va.; Seattle 11, Wash. 
Texaco Petroleum Products are Manufactured and Distributed in Canada by the McColl-Frontenac Oil Company Limited. 
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(Continued from page 740) 


with Howard Matson, group chairman, pre- 
siding. Two papers scheduled are ‘‘Sedi- 
mentation in Small Watersheds’ by Russell 
Woodburn, Agricultural Research Service, 
USDA; and “Development of Infiltration 
Data from Small Watersheds,” by William 
F. Lytle, University of Illinois. 

A symposium on water pumping and 
distribution is featured for the remainder of 
the session. It will consist of a series of 
four off-the-cuff talks, followed by a discus- 
sion period. This part of the program was 
arranged by G. E. Trisler, The Deming Co., 
who with K. L. McFate, lowa State College, 
will lead the discussion with “Recent Devel- 
opments in Pumping Equipment.” Succeed- 
ing talks are “Use of Submersible Pumps 
with Above-Ground Disposal Systems” by 
Arthur H. Schultz, North Dakota State 
College’; Water Supply for Rural Schools, 
Motels and Other Tourist Accommoda- 
tions,” by W. H. Sheldon and Clair Gunn, 
Michigan State College; and ‘Plastic Pipe 
for Use with Jet Pumps and Deep-Well 
Submersibles and for Irrigation and Sewer 
Pipe,” by Walter Prendergast, Carbon Prod- 
ucts Corp. 

Drainage subjects are to be presented at 
the Wednesday forenoon (December 8) ses- 
sion with Keith H. Beauchamp, chairman 
of the Committee on Specifications for De- 
sign and Construction of Tile Drains, pre- 
siding. John G. Sutton, chairman of the 
Drainage Group, arranged the program. 
Papers scheduled are “Subsurface Drainage 
with Perforated Plastic Tubes’’ by Glen O. 
Schwab, lowa State College; “Design Fea- 
tures of Surface Drainage Systems for 
Slopes Up to Four Per Cent” by A. J. 
Wojta, University of Wisconsin; “Drainage 
Systems for Sloping Irrigated Lands” by 
W. F. Long, Soil Conservation Service, 
USDA, and “Laboratory Studies on Gravel 
Filters for Wells, Well Screens, Draintile, 
etc.’ by Norman Evans, Colorado A & M 
College. 

Meetings of the Steering Committee of 
the Soil and Water Division are scheduled 
for Monday evening and Wednesday after- 
noon. Other committees of the Division are 
to meet on Tuesday evening. 


Farm Structures Program 

Engineering factors influencing animal 
shelter design are to be featured in one ses- 
sion of the Farm Structures Division. C. H. 
Jefferson, chairman of the Division, will 
preside. Indicated subjects and speakers are 
“Hot Weather Shelters for Lactating Dairy 
Cattle’ by G. L. Nelson, Oklahoma A & M 
College; “Influence of Solar Radiation on 
the Design of Dairy Shelter’ by Robert E. 
Stewart, University of Missouri; “Cooling 
Beef Cattle Shelters in Hot Climates” by 
C. F. Kelly, University of California, and 
“Poultry House Design for Hot Climates’’ 
by George Quigley, University of Maryland. 

Feed storage and handling, with emphasis 
on silage and green feed, will be dealt with 
in another session, with C. F. Kelly, vice- 
chairman of the Division, presiding. The 
papers of this session are to include ‘Hori- 
zontal Silos Save Feed and Labor” by W. D. 
Hunnicutt, National Dairy Products Corp. ; 
“Lateral Pressures of Silage as Packed in 
Horizontal Silos’’ by Merle Esmay, Univer- 
sity of Missouri, and “Feeding Green 
Chopped Forage’’ by Geo. T. McCutcheon, 
New Holland Division, Sperry Corp. 

At the same session a symposium on 
“Covering Materials for Horizontal Silos’ 


will feature talks on “Effectiveness of Plastic 
Sheet Covers” by C. H. Reed, Rutgers Uni- 
versity, and by W. A. Cowan, University of 
Connecticut, and “Covering Materials and 
Losses from Horizontal Silos’’ by Wallace 
Ashby, U.S. Department of Agriculture. 


A session on “Engineered Dairy Struc- 
tures” arranged by Cameron Hervey, Hervey 
Research Development Corp., will feature 
five short talks and a concluding panel dis- 
cussion with the speakers all available to 
answer questions. Mr. Hervey will preside 
and open the program with a contribution 
on A Totally Engineered Farm Milk Plant.” 
This will be followed by “Influence of Bulk 
Handling on Dairy Building Design’ by 
Luke Nolan, Mojonnier Bros.; ‘Influence 
of Pipe Line Milkers on Dairy Building 
Design” by H. B. Bradshaw, DeLaval Sepa- 
rator Co.; “What Sanitarians Want in Dairy 
Buildings and Equipment” by Paul Hanger, 
Illinois department of Public Health, and 
“What Dairy Farmers Want in Buildings 
and Equipment’ by Donald Rupert, dairy 
farmer, New Waterford, Ohio. Questions 
and discussion from the floor will be held 
to the open period following the talks. 


Rural Electric Program 


The Rural Electric Division will present 
three half-day programs and will also par- 
ticipate in a joint session with Farm Struc- 
tures on agricultural processing, Carl W. 
Hall, chairman, Committee on Agricultural 
Processing, and associate professor, Michi- 
gan State College, will be chairman of this 
session. 


W. J. Ridout, Jr., editor, Electricity on 
the Farm Magazine, and chairman of the 
Division, will preside at the Monday fore- 
noon session, December 6, which will in- 
clude the following subjects and speakers: 
“Progress Toward the Establishment of a 
Single Standard for Fence Controllers” by 
F. W. Duffee, University of Wisconsin; 
“Grounding of Cord-Connected Appliances 
and Equipment” by Morris H. Lloyd, Nia- 
gara Mohawk Power Corp.; “What Are 
Electrical Contractors Doing About the 
Farm Wiring Problem” by a representative 
of the National Electrical Contractors Asso- 
ciation, and “Phase Converters and Their 
Application to Farms’’ by L. B. Ronk, Sys- 
tem Analyzer Corp. 


Subjects and speakers for the Monday 
afternoon program are “A Critical Appraisal 
of Present-Day Electrical Equipment for 
Poultry Production’ by A. W. Brant, ARS, 
USDA, “What's New in Egg Cooling’’ by 
R. C. Jaska, A & M College of Texas, and 
Jack Dewitt, Automatic Poultry Feeder Co., 
and “Existing and Projected Research on 
Uses for Heat Pumps on Farms’’ by H. A. 
Cloud, University of Minnesota. H. S. 
Pringle, rural electrification specialist, Fed- 
eral Extension Service, U.S. Department of 
Agriculture, and vice-chairman of the Divi- 
sion, will preside at this afternoon session. 


At the third session, Chairman Ridout 
will introduce the following speakers and 
subjects: Kenneth Harkness, Kansas State 
College, on “Automatic Grinding and Blend- 
ing of Ear Corn and Small Grains’; John 
Dobie, University of California, on “A Sum- 
mary of Mechanical Feeding Work in Cali- 
fornia”; E. G. Schneider, University of Ver- 
mont, on “Mechanical Feeding of Cows in 
Stanchions,” and John E. Nicholas, Penn- 
sylvania State University, on ‘Fundamental 
Performance of Bulk Milk Coolers.” 


Education and Research Program 


Tuesday afternoon, December 7, has been 
reserved for a special program of wide 
interest being developed by the Education 
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and Research Division, formerly the College 
Division of the Society. Frank W. Peikert, 
division chairman, will preside. 

Stanley M. Madill (past-president, ASAE), 
John Deere Waterloo Tractor Works, will 
speak on “In-Service Training Programs fo. 
Agricultural Engineers.”’ 


Arrangements are being made with other 
representatives of industry to speak on tech- 
niques for developing interest and on re- 
search methods and techniques. The subject 
of cooperation between universities and in- 
dustries is to be presented by a representa- 
tive of each field. 

If time permits, a contribution on youth 
programs will be included at this session. 


ASAE Michigan Section Offers 
Interesting Program 


THE next meeting of the Michigan Section 

of the American Society of Agricultural 
Engineers will be held in the agricultural 
engineering building, Michigan State Col- 
lege, East Lansing, on October 23. Follow- 
ing registration, which begins at 9:30 a.m., 
the program will open with a discussion of 
hydrocooling and transportation of tart cher- 
ries in water, by J. H. Lewis, USDA agricul- 
tural engineer stationed at MSC. This new 
method of handling cherries reduces the 
cost while maintaining quality. 

James L. Child, Jr., sales manager, Han- 
cock Brick and Tile Co., will talk on the 
engineering aspects of the manufacture of 
vitrified shell draintile: The talk will be 
accompanied by a short movie on the manu- 
facture of tile and it will be concluded with 
a brief summary of the application of shell 
draintile to the conditions of Michigan 
agriculture. 


A discussion titled “Turbos for Tractors’’ 
covering the advantages and disadvantages 
of possible application of gas turbines for 
powering tractors, will be presented by 
Andrew Kucher, director of the scientific 
laboratory of the engineering staff of Ford 
Motor Co. L. L. Otto of the engineering 
school of Michigan State College will lead 
the discussion of Mr. Kucher’s talk. 


Arrangements are being made for a social 
hour for the ladies accompanying their hus- 
bands and others to the meeting, in the 
agricultural engineering building during the 
forenoon technical session. A luncheon will 
be served for members and guests with Sec- 
tion Chairman K. L. Pfundstein presiding. 
The meeting will adjourn for the football 
game between MSC and Purdue University 
in the afternoon. 


Agricultural Engineering in 
ALGCU Program 


OUR papers on agricultural engineering 

are scheduled on the program of the 
Engineering Instruction Division, at the an- 
nual meeting of the Association of Land- 
Grant Colleges and Universities. The meet- 
ing is to be held at Columbus, Ohio, No- 
vemer 10 to 12. 


The papers scheduled are “ Administration 
of Agricultural Engineering’ by H. B. 
Walker, University of California; ‘Under- 
graduate Curriculums in Agricultural Engi- 
neering” by J. Roberts, State College of 
Washington; “Graduate Study in Agricul- 
tural Engineering’ by Orval C. French, Cor- 
nell University, and ‘Laboratory Facilities in 
Agricultural Engineering’ by A. W. Farrall, 
Michigan State College. Any interested 
members of the ASAE are especially invited 


to attend this session. 
(Continued on page 744) 


Ps tenis pee 
ie NTR a a a on ys Si rie — 
a4 eae Rg) Oe ili haters a Oe Ree Geet) (Sey a eae a i ae a a 
RE RBER EBT Ser ay.” 26 CEE ge Ona en iS os - te OMe etka) — ae ep Rp | ee eee “hel 
ty Veh eh Se aye a agen eee Oot re + ta - it ae - Se ee iC ee Re ee eo Phas 
IRE, Od ei ee E cotiernept Riles Maier a cist Son. ae if or he eC He pe ¢ mee ae! SNe ty 2 eRe ys 
WR oo Sea ie eee Pint ey eee oe ee ut ees | a Birderagat Pi sega ees ere 
+ ane — hc i hc st ES: hc ra ee eg Sette ae 
ig ata i oom Seo A eee a ER tg kine le yh fig See. 'to Wiehe, Fhe 
Pore a aS See ee e Cha Ce iar eae. Sl te 
23. ea ; Ter Se RT OME ee athe ete ee 
Ce, eee eat 
i sae ee, 
REL TE ate 
saan Nos 
ot re 742 eo 
ae: 2s ia pram 
To tae be 
eete pateee 7 
ten hee ie 
Neer fe 
pelts ee e 
Fete SO er fs 
Phe see 
he : ams 
PERS ae. he 
SS eee ts 
Cae ae 
at oe ba 
s BAS Se. Bs 
Pee og Bae 
ge Oa cer 
ae oo eae E ne 
nie eee ee eee 
Vee, Raith 2 ee ae 
alee a? 
$y apie es Tae, 
ie ee Shy 
ito ae Be 
Pe Peeaabes i % 
Se re ts ES 
oN eas i ae 
PY, Gay, oie te 
Fite sayin BE 
v RE et ee 
big Sat _ ak 
a ee ae 
A eh Ray, 0 ts 
tek ee Bee 
OR Prager oan eee 
il Os os at 
Shs cree er 
eS Cas aah : 
= Gear Cn eh i fos 
eae oe 
ROR Po oa 
pee ian 
ack Cena ier En 
4 cpt be ~ S Se 
Be ta oi 
ee oe “hes 
Pa ae er 
Pie Smee Recoil 
%s Sieeesh so. ait 
; ine - ve: 
Lg e 
a sh , epg 
Be aie) taeien rect e 
ig tae peek 
ct ad mS 
pes See Gets 
SS Sere ar a 
one © & hia 
Raa Pat oe og 
iy Cals ome Beanies 
ee ae $e 
Ae) ae Beas 
ed A WU ase ane 
ae es Pex we Ee 
Gar Goes ae, 
oe a aac 
Ss Reet ae 
i See ee 
ie | Be 
oF, Meee RN) ear 
ys ie . 
Dope ee Bs 
a a 
og. eae Bi a 
405 De: ae 
2 te aa Pe ne 
a Pears ines 
RG Sie E38 
eho, os BO. 
= $ ett Casta = och 
Rpt Pine as 
We Son tee ae 
Pepe a ei ross 
‘GG tegen A 
tM) Fare Bor 
ib ee ci =o 
Se MaNG Ty en Bra? 
tars Behe tae, = ALD 
oa Ao ea aha 
eh eg se 
jag As he geen “ie 
1 gb cae igo 
Rt, ee ia 
Sh Pag ae 
ae a 
pore ee 
Cli eae a 
Wes iaS a8. 
Si: gol eed 2 
sedi. 4 (Seeman Ba 
US Te Sees) one 
ag eee eae 
Se Ae « ey se 
ip Berg: mor 
7 eee Tie 
: i: Bee. agige 
4 al See | a eae 
FN ee 5 
iso = Seen ay 
Geist: a 
eis rae 
BONE See Sey pee 
gee pos aE 
eatin ite aes 
suotes = Bi 
vat er De ore 
et i ae 
BS et Pes! 
Pid Mil 8. ee 
Se ies: ae ‘ 4 
ee 
{> Shes a rte 
PR Bao: oie 
Ce ibers bee = 
fee ee re (eer 
bynes | Doar P 
foes Seay ary 
NE Seem =" eee 
Viad) er oes ie fd 
‘Be oi <M “S 3 
So ek o 
eestor ad ee 
a ae ee 
te. alee ‘ 
elie eae: tay 
; sed fo 5 cae, 
te eb a vara 
EM sate isc ta ree 
Sete a oy 
Ria am ar 
By 8 ee ae 
51) a aPC li 
AEA 5 Er Sane eer 
ROH CR Nh 4 
Pi a ae Be 
pda Nes ae 
PAT Batt ind AS 
ae a a es 
ne bse 
Boe 3 erie eh, 5 
ey Rs ae 
SEA StS ee ae 3 
eh eorees hace 
25) RA Ae 
fi ee et yt 
Ae ia) se Be 
LS ee m8 
iS Lent ae oe ehh 
eee = an 
eg ee ttece <= “tee 
EP eed so coed 
ee MO ae ae 
ets. oS : aes 
Arg. t= 2 Sa ~ a 
eats F ee. |. Le See Co ee eae Te gic wees ay ae ea le, .. 4 in by 
oN LAS NS UL ys AMO 2 2 knoe bee eo ee Sea ee Ny eet ae 16, aL trek Me EN gg Se Lari ioe (ek, aes i 
<i Hae Ra Seeger ces Beatson a eae ‘ Pee: ‘toe f Bee coe Mende ners t ss % ate ie ere ee a iC. a ae oe 
ane sade Sh eee ea ia ina oa ie Ata OS Sk eke BT poe a See 2 ey Bent a teak al SS aia Ra Se ae Bess ue ea ae > aa ee s goke 
eae eger is eanee” Pose Bae ee toa Bie hs, ES. i tr renee Le ‘ Ae Heel se oy : Sy ee eet 3 mee Re oe 2 ee es 
teenie pet: Saks St Ware eG ‘nee! te a" ae Porc & FEE ren Teer | She) Seg 5 eee 
ee oe Bi ome nigtatte’ Coons ven oe ‘<a ES aa ‘ ae ets 165. ke) Ny, se rs erica aie od 
CONG hate Be 2 Sree hae ess beer ee ee A oe . + nies 2 eae 4 ete ee es a lesa ris. 's 5a on 6 ae al 
nie Ee hitpetiee | oP 2 aes iar en ee Phx | rae i 5 ore a 25 ih RO hens re ea 
Ty eee eee SO RE 5 RR I gah Wa Pl em att ee ie Pe seme ee 
Soe ey ae 6 ae ey ae SPE os | Se A cst ci ef a an, + e "ar a IG dey ee a s 
= 2 RS oe, a " se Sea Bie ee re Bey ‘2 1; c bos ate ae 
. “~® 2 reece ae f Broa nee wi ae hime 
Oey a Se eg SO Lea we. gee See ae bam 


90 bu. “8 spreader 


For the medium or average size farm 
the New IDEA No. 12-A spreader fills the 
bill. It gives 90 bushel capacity and like 
the other New IDEA spreaders has a 
flared, non-choking bed for extra load. 
Adjustable tractor hitch and foot support 
mean easier hitching. 


Farmers on small farms prefer the No. 
14-A, 65 bushel spreader. It gives them 
the same original widespread action and 
wide upper cylinder as its bigger 
brothers. For use with team or tractor 
the 75 bu., 4-wheel No. 10-A spreader 
is available. 


With all the proven advantages of New 
IDEA spreaders plus power take-off, the 
big 120 bu., No. 15 is the favorite on 
larger farms. Telescoping power shaft. 
Bearing support keeps PTO shaft in line 
and adjusts to various heights. 


RI Ew J DEA 


Manure Spreaders 
work better, faster... last longer! 


The New ipea No. 15 PTO spreader provides constant power 
for wide, even spreading. Has big 120 bushel capacity. 
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ASAE Iowa-Illinois Section 
Meets November 5 


E eo. 
‘ CCORDING to announcement received 
Q Of from E. G. Rowlett, secretary, lowa- 
Illinois Section, ASAE, the first of the 1954- 


55 series of meetings to be sponsored by the 

et sii Section will be held at the American Legion 
Club in East Moline, Ill., Friday evening, 
November 5. Further information concern- 

ing the program of the meeting may be ob- 

tained from Section Secretary Rowlett, 2212 

E. 12th Street, Davenport, lowa, or from the 

ASAE central office in St. Joseph, Michigan. 


Pesticide Conference in 
November 


HE 16th annual New York State Insec- 

ticide and Fungicide Conference and the 
7th annual Pesticide Application Equipment 
Conference will be held November 9 to 11 
in Bibbins Hall, GLF Exchange, Terrace 
Hill, Ithaca, N. Y. It is suggested that agri- 
cultural engineers desiring information on 
the program, accommodations, etc., for this 
meeting should address their requests to 
O. C. French, agricultural engineering de- 
partment, Cornell University, Ithaca, N. Y. 


Grassland Farming Program 


"THE 1954 annual meeting of the Joint 
Committee on Grassland Farming will be 
held November 13 and 14 at the Hotel 
George Washington, Jacksonville, Fla. A 
special grassland program will be sponsored 
by the Joint Committee in collaboration with 
the Soil Conservation Society of America. 
This special program will be presented on 
Sunday, November 14. 
Copies of the program and other informa- 
@ It’s true. Pressure-creosoted fence posts last 3 to 5 times tion concerning the meeting may be obtained 


: from the executive secretary of the Joint 
longer than most types of untreated posts. And that long service Committee, Z. W. Craine, Box 30, Nor- 


life means money in the farmer’s pocket, not to mention the wich, N.Y. 


amount of valuable time and effort he’ll save by not having to Report on 33rd NSCBEE 
repair and replace deteriorated untreated posts. Annual Meeting 


In addition to extra-long service life, pressure-creosoted posts THe 33rd eo Meeting * the National 

. Council of State Boards of Engineerin 

offer another very important advantage—they are unharmed Examiners was held at St. Paul, tag 

by repeated grass fires, sustaining, at the most, only a minor August 26 to 28, at which ASAE was rep- 

resented by A. J. Schwantes, a past-president 

surface char. of ASAE, and head of the av en- 

° . a gineering division, University of Minnesota. 

For complete information about creosote, write to Koppers The NSCBEE is made up of representatives 

Co., Inc., Tar Products Division, Pittsburgh 19, Pennsylvania. of the various state boards, and it regularly 

makes a practice of inviting representatives 

of the principal engineering societies to at- 

‘ tend its annual meeting. Mr. Schwantes re- 
ported as follows on this year’s meeting: 

KOPPERS COMPANY, INC., PITTSBURGH 19, PENNSYLVANIA Seventeen committees of the organization 

Tar Products Division reported at the meeting, thirteen of which 

DISTRICT OFFICES: dealt with matters pertaining to registration, 


ona a Boston, Massachusetts, 250 Stuart Street such as registration by endorsement, written 


‘ hE ee and oral examinations, engineers-in-training, 
Chicago, Illinois, 122 $. Michigan Avenue Los Angeles, 5, California, 3450 Wilshire Blvd. qualifying experience, uniform laws and 
New York, N. Y., 430 Park Avenue 


Pittsburgh, Pennsylvania, Koppers Building procedures, ECPD, and land surveying. 
In the matter of examinations for pro- 
fessional engineer registration, there appears 
All Standard Specifications to be rather general agreement that the 
examination should consist of two parts, 
a ay naateade ; e 5 we oe! a namely, the fundamental portion which is 
: é sae = the same for ail candidates and the profes- 


es : A sional phase. There is some difference of 
KOPPERS eS a om Es opinion as to the advisability of permitting 


as as Bees oe ; a candidate to take the second part before 

~ 4 Br ie ie Ee: OR te noes oy he has passed the first part. Total time for 
. the examination is another question being 

The Performance-Proved Wood Preservative studied; 60 percent of the boards require 


(Continued on page 752) 
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RE INTENSIVELY 


Show him how to plan production with 


PORTABLE SPRINKLER IRRIGATION 


You and your local farm equipment dealer can help 
farmers in your county make more intensive use of 
their land by getting more production from the 
same acreage. One of the best and surest ways to 
promote intensive farming is to help farmers plan 
production with portable sprinkler irrigation. Crops 
will get off to a good start and mature faster. 
Growing seasons will be extended with second and 
third plantings often possible. These are facts you 
can prove by pointing out the many farms where 
planned production, with irrigation, has made it 
possible to improve crop quality and increase yields 
...and at the same time, insure a steady income. 


COMBINE YOUR TALENTS 


Your agricultural knowledge is a big help in advis- 
ing farmers on the best sprinkler irrigation prac- 


tices. With the experience of your local farm equip- 
ment dealer who sells Reynolds Aluminum Irri- 
gation Pipe, the two of you can plan a portable 
sprinkler irrigation system that meets the specific 
requirements of the farmers you advise. 


ACHIEVE YOUR GOAL 


Remember—when you work with a dealer who 
handles Reynolds Aluminum Irrigation Pipe, you 
work with a man who sells a quality product. 
Strong, light-weight, rustproof Reynolds Alumi- 
num Irrigation Pipe is the lifeline of a reliable 
portable sprinkler irrigation system. Cooperating, 
you and the dealer can show farmers in your com- 
munity how to farm more intensively . . . more 
profitably on the same acreage . . . with planned 
production. 


—-—-—-~--~----~----- 


Reynolds Metals Company, 2575 South Third Street 
Louisville 1, Kentucky 


\ 


Write for your copy of this free 
booklet on portable sprink!er ir- 
tigation systems. 


Please send “More Income Per Acre,” your new illustrated booklet on the 
application and advantages of portable sprinkler irrigation. 


ie... 


Member of GSS SOMME © R.F.D. or Street 
SPRINKLER immIGATION _// ponte ene 


ee 
| 
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8 x 7 farm 


SHACKLES 


Drop forged steel— 
enameled or hot galva- 
nized—Chain or anchor 
types — Screw pin or 
round pin—From %” to 
ri 


New York . 


OU can fill all farm machinery requirements for 

wire rope and rope fittings from Upson-Walton 
—with products especially engineered for safety. 
Complete catalogs of wire rope and rope fittings 
available free on request. 


Upson-Walton wire rope is 
available in all standard construc- 
tions, and ones particularly suited 
to farm machinery use. We wel- 
come an opportunity to work with 
you in selecting the wire rope for 
your equipment. Our long expe- 
rience in this field means better 
service for you. 


CLIPS 
Galvanized drop 
forged steel (as 
shown) — Malle- 
able iron enam- 
eled or galva- 
nized—For rope 
diameters: %” to 


TURNBUCKLES 


NEWS OF ASAE MEMBERS 


Drop forged steel, 
weldless—self-col- 
ored or hot ga#va- 
nized—with and with- 


steel —regular and 
heavy weights — For 
rope diameters from 
He” to 2”. 


Chicago . 


14%”. out stubs, hook, eye, 
or jaw end fittings— 
Thread diameters 
%” to 2”. 
THIMBLES 
Hot galvanized wrought 


THE UPSON-WALTON COMPANY 


12500 ELMWOOD AVENUE ~- CLEVELAND 11, OHIO 


Pittsburgh 


MANUFACTURERS OF WIRE ROPE, FITTINGS, TACKLE BLOCKS—ESTABLISHED 1871 
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Don H. Malcom, who for several years 
has been manager of the marketing service 
department of the 
Armco Steel Corp., has 
been named to head a 
new department re- 
cently formed by Arm- 
co Drainage & Metal 
Products, Inc., a sub- 
sidiary of Armco Steel 
Corp., which will di- 
rect a major expansion 
of company activities 
in the field of pre- 
fabricated steel build- 
ings. Called the Steel 
Buildings Department, 
it will handle the ex- 
pansion of Armco's 
line of buildings and building products and 
the more complete development of the gen- 
eral market for prefabricated industrial, 
commercial, and farm buildings. An agri- 
cultural engineering graduate of Iowa State 
College, Mr. Malcom has seen 17 years of 
service with Armco mainly in the develop- 
ment of steel building construction and mar- 
keting, particularly in the agricultural field. 
He also planned and supervised the market 
development program of the Porcelain Ena- 
mel Institute, in which he worked closely 
with manufacturers of architectural porce- 
lain enamel. 


Don H. MALcoM 


Robert A. Norton was recently appointed 
as agricultural-engineering consultant to the 
Ingersoll Products Division, Borg-Warner 
Corp. Previously he was product specifica- 
tion manager of The Oliver Corp., and prior 
to that he was employed for many years by 
the U.S. Department of Agriculture and 
state ‘agricultural experiment stations. For 
the most part, he has been engaged in in- 
vestigations of the performance of farm 
machinery in conservation farming, as a 
result of which various tillage machines 
have been developed and modified to im- 
prove operation. For a time he was in 
charge of USDA investigations of weed-con- 
trol methods and machinery in cooperation 
with several state agricultural experiment 
stations. 

Mr. Norton is an agricultural engineering 
graduate from Iowa State College and has a 
civil engineering degree from the University 
of Illinois. 


Rodney O. Martin, formerly assistant in 
agricultural engineering, Maine Agricultural 
Experiment Station, recently accepted ap- 
pointment as agricultural engineer with the 
Maine Potato Handling Research Center, 
Presque Isle, Me., a new cooperative proj- 
ect between the Maine station and the U.S. 
Department of Agriculture. 


Harold S. Stanton recently assumed his 
new duties as agricultural engineer for the 
USDA Agricultural Research Service with 
headquarters at USDA cotton field station 
at Shafter, Calif. In this capacity, he will 
replace Herbert F. Miller, Jr., who was re- 
cently transferred to the Agricultural Engi- 
neering Research Branch headquarters at 
Beltsville, Md. 

Mr. Stanton received a B.S. degree in 
agricultural engineering at Kansas State 
College in January, 1950. He served as in- 
structor in the agricultural engineering de- 
partment at the University of Arkansas from 
which he received his M.S. degree in agri- 
cultural engineering in June, 1953. During 
his stay at the University of Arkansas, he 
was instructor in a farm machinery course 
and was also engaged in cotton mechaniza- 
tion research as a cooperator. 


(Continued on page 748) 
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EQUIPMENT 


New Dearborn Adjusto-Flex Disc Harrow 


In this year of weather extremes, wie is the farmer 
who can point to his fields and show you contours, 
terraces and grassed waterways. For these are effec- 
tive aids in holding scarce moisture in the soil and 
in keeping topsoil at home. As more and more 
farmers turn to conservation farming, the need 
grows for equipment that will make such farming 
easier. That’s why the new and far advanced 


The Dearborn Adjusto-Flex Harrow is raised, lowered 
and depth-controlled by Ford Tractor hydraulic 
power. Discs “ride” to and from the field .. . turns 
at point rows and headlands are made without dirt 
ridging . . . grassed waterways can be crossed safely 
and without stopping. 


Dearborn Adjusto-Flex Disc Harrow is of major 
interest to those who serve agriculture. 


There are many reasons why this new harrow is 
outstanding for conservation farming. Fast and easy 
adjustments make for a good discing job under any 
and all field conditions. Disc gangs are angled sepa- 
rately. A twist of the convenient leveling wheel gives 
the right cutting action to both front and rear gangs. 


And here’s still another advantage: This Dearborn 
Harrow has a flexible frame that permits disc gangs 
to follow ground contours—do smooth, uniform 
work over rolling ground. As if by magic, it does 
this while maintaining the desired cutting and 
leveling action. 


Matched to the easy-handling Ford Tractor, the 
Dearborn Adjusto-Flex Disc Harrow becomes a 
new and valuable aid to good soil management. 
Here is a new high in discing performance for 
farmers everywhere. 


TRACTOR AND IMPLEMENT DIVISION 
FORD MOTOR COMPANY 
Birmingham, Michigan 


EZ 


TRACTOR. 
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For Vo-ag Teachers and County Ag 


ents: 


8 new low-cost farm building plans! 


Here ARE eight brand-new building plans 
you can effectively use to help farmers im- 
prove their construction techniques. 


These plans were designed by agricul- 
tural engineering specialists. ‘Most feature 
low-cost pole type construction. Each is a 
complete set of blueprints —including sec- 
tion details, erection instructions, eleva- 
tions, bill of materials! 


With your help, these plans will enable 
farmers to make the most of all the advan- 
tages of Kaiser Aluminum Roofing—in 


standard sheets, or in the new 48”-wide 
size! 


Among these advantages are light weight 
with strength, r3flection of hot summer 
sun, retention of winter warmth, long life 
with no red rust streaks, no rotting, no 
warping. In addition, Kaiser Aluminum 
Roofing is economical because it requires 
less maintenance, is easily applied, never 
needs paint. Yet it is permanently attrac- 
tive. The performance tested aluminum 
roofing material. 


Kaiser Aluminum 


The Quality Roofing for Better Farm Buildings 


ATTACH THIS COUPON TO YOUR LETTERHEAD AND MAIL TODAY! 
A sample set of plans will be sent without obligation to agricultural 


engineers and county agents. 


KAISER ALUMINUM & CHEMICAL SALES, INC. 


FARM BUILDING PLAN SERVICE 


51029 KAISER BUILDING, OAKLAND 12, CALIFORNIA 


Please send a set of the plans to: 


NAME 


ORGANIZATION 


ADDRESS 


748 


_________CITY AND STATE _ 


NEWS OF ASAE MEMBERS 


(Continued from page 746) 


Milo W. Hoisveen, who has been serving 
as assistant state engineer for North Dakota, 
on July 1 took over the duties of state en- 
gineer as well as chief engineer for the 
North Dakota State Water Conservation 
Committee. Duties of the latter include the 
State’s water program, water rights, dam 
construction, and irrigation, in cooperation 
with federal agencies dealing with these 
programs. 


Irving J. Pflug was erroneously reported 
in the September issue as temporarily in the 
employ of Michigan State College and work- 
ing for an advance degree in agricultural 
engineering. Mr. Pflug resigned his position 
on the agricultural engineering staff of the 
Massachusetts Agricultural Experiment Sta- 
tion some time ago to accept appointment 
as associate professor of agricultural engi- 
neering at Michigan State College, where he 
will be specializing on projects in agricul- 
tural processing. He obtained his Ph.D. 
degree in : oe engineering at the 
University of Massachusetts, not at Michi- 
gan State College. 


William G. Harden, who for the past two 
years has served as research assistant in the 
agricultural engineering department at Ala- 
bama Polytechnic Institute, recently com- 
pleted requirements for his master’s degree 
in agricultural engineering and has accepted 
a position as extension agricultural engineer 
in New Jersey. 


Joseph L. Dirnberger has been appointed 
extension agricultural engineer of the New 
Mexico Agricultural Extension Service, 
where he will serve as a specialist in irriga- 
tion and drainage. He is a graduate of New 
Mexico College of Agriculture, with experi- 
ence in irrigation work with the United 
Fruit Co. in Central America, and more re- 
cently as sales engineer for a supplier of 
irrigation equipment. 


Howard L. Wakeland, who has been serv- 
ing as instructor in agricultural engineering 
at the University of Illinois, while working 
for a master’s degree, will continue in that 
capacity and will also serve as assistant dean 
of eng»neering, each on a half-time basis. 


Hugh A. Templeton is field service engi- 
neer of the agricultural engineering work- 
shops near Hyderabad, Sind, Pakistan, which 
are under construction by the Sind govern- 
ment. He is working under the Colombo 
Plan. The project is under. an FAO agree- 
ment, and the tools and equipment are to 
come from the United States. 


James B. Burford, research engineer in 
hydraulics, Soil Conservation Service, U.S. 
Department of Agriculture, who has bene 
stationed at State College, Miss., is being 
transferred to Virginia and will be stationed 
at the agricultural engineering department, 
Virginia Polytechnic Institute, Blacksburg. 


John B. Liljedahl, who has been a mem- 
ber of the agricultural engineering staff of 
Michigan State College, recently accepted 
appointment as assistant professor in charge 
of power and machinery in the agricultural 
engineering department at Purdue Univer- 
sity, Lafayette, Ind. 


Russell L. Mighell recently resigned as a 
design engineer of J. I. Case Co. to accept a 
similar position with Kewanee Machinery 
and Conveyer Co., Kewanee, III. 


George H. Newbury, until recently em- 
ployed as a sales representative of John 
Deere Plow Co. at Montgomery, Ala., is 
now located at Ripley, N. Y., where he is 
operating his own farming business. 


AGRICULTURAL ENGINEERING for October 1954 


a eogti ae Peeat si eh Nate ek: en.) scat ON Dee rn ee ie “— tenn we 
ae ga Se ey ce ee is a : Beene. ee eee > Te 
ea ps a eran ee ay ea ae -- a™ hs Peay ff name Regt eee ee 
ees oeR ae Oe Bee ae a age ; . Pie aera ea a hee 
Be hee) «eee a Fig ee RE ee : > Bee ie taal 7 ee AY Raa 
eee. eee ee en ae mat Oe ales Pe a Ree et ee eee ee Edler (a i 
ee er ae 2 z ? ee ee re te 7 Sake) 4 Ct ieee Ye Si 
Be Jag aes 
er. Pees te fia 
is ee 3 
ie ig a . 5 | 
aes tee eee ere ee mney pe es Ne ee a eae ag a 
1 Dea ii a aii: eae Oe ee Se: Smee te r 7 a 
f Geuaeaas ig RR rant eng ed co Spo Oe Taney Ys Br aco ea Se 5 
er aan Je a ae Su.) he * 7 aes = "Ren ef 
toe bits viata Sh OS dh Spt ce BS Sean ee a me oe gsr 7 : 
ae ee ee ———— 2 
pig ee ss: ae a> AS 0 ae | es s SS  —_—« ——§_— 
Rig Beas: neo Be ie ae Ee ty ES ae Rng 
Raised Bio 8 erate Bee |e cer ee el a ; — 
Bi es Perel I eee ote i be hee kaka: ~ a Se oa a eenene ob 5 
nll eS) ee | Soca acl emia |S aee\ eh F IS . = mizec tf a 
ee Ries Ee Sera hte e ett |§ ts ANG fs ; 7. : Goo a J oCe sss ; 
ey es ae Ripagvone: = orate al.» eee ry cede — ES 
ees 16X24" LIVESTOCK RANGE SHELTER — Tateres eo : 7 ht 
Sey aa fs ee eee pe <8 | A ; 
Ree: NOP ats uel 32K 100" BROILER-LAYER HOUSE 4 if 
ee iae ¢ Sots Late ye So, Sane : a Rie - ee nes he ah - ah, i 3 
ie = eG Albee Mest a oes Z - te ao - : : S&S a 3 
tee PS Ree ne ce a cont EC 2 XY 
cP ee ee Acai oes rap et Ne pats at ey eae jal aos JN. q s 
Che a Oe Sp te as a oe Os i eee” an Ve : - 
he fi eee eS or 74 abs ‘<, a 7 if BS 
i ee SEG ee ee ae a ONL a by 
oan a) <a > nae. Ale iyo = No see Be 
Shane “ae eC <a the ee Li ier f t se & camel | | = @ ‘oa 
ty Vw Se “ot Ses i. i & nel M r Wa, tT 7 ~~ ; bs? 
BBY een a ere : | ieee "OG es } . 
e aa ee Fs, ct EIEN aorta ey ales ant on dene 
tee - t pet Ur arka S a ot Sree ee rac Fr Scat : e 
eg S Gate sc ema. «Soe ey 28’ X 80’ MACHINE SHED PM 
cart a ’ $0" K 10’ POULTRY RANGE SHELTER 7 by 
ae 5 Ree nr aie Mates: e a z 
oe tem oes, oa Te Lex : : e 
ae. (ui ete ape and oF s ys Je ay ; . - 
aS oe “a Cae, ie abhi 5 at is a eee ao : 
a a cake Nath aaa r = # 
Pie et ich Se Ae ca i oe & 7G i 
ee a ae ic a A ~ s 
ae ne ae TS es © 
ee eee ee et i ae POLS poate’ ter pans sae ‘a 
abt Se c mae oe cl TH. ap Z i ay | * kp 2 “ie 
ak sake ee ees ie ee ae Seta oa ie fia . 
rh ean, oe eee. ae ee , iL a i a es 
ec seal i ite a gee eS p ‘ar gi i ves 
Shai Ag se Rae tg i iceaog tit , F f 
Het EG ee O’ STABLE BARN hi: 40’ X 120’ PRODUCTION BROILER HOUSE , eo 
Tha Ss 2h PN Poy ete oo ‘ Ba te Se it ae . a 
Bite MTD tS he eR ee : Ales a -, on 
$e 8): es ps rs Stsers aa (a B " : A ic , —<_— —S a: 
Wan .; pata Revie ask ee ot ¥ > = * - ~s ¥ ae 
ae ae ae fae Oe el cae aS 
aie ta ia |S ae oa meh ae =S Cig, <4 ic 
Ot Sage 4 __De-— ar) ate. Sc _ bs: 
as gree ; : . si * gee CH ee. ne Le ' on d Re 
an ered, ee ae sche ae eee ei: I" wh i ks 
Nod eee Cree ee es ce Ey Sa % ems os Ee Aa On 
ke Vee were ae z ta ae : ae 
pest meee Tain eh 5 ok eee Shea tee leceety. 3 ig 
{ae aa Boe VS 3g Roatan oA gence 60’ X 68’ GENERAL PURPOSE BARN f ce 
a 7” : i pe: —_ 
te i pies eR er ae Re Gea ea . is ae - pry 
1 dhe ht ee a es eats a, RA% 
eee as re ode [eC ee te ee ‘Cs 
RAST SRC s.. fs Pe 
Ppa ar re 
ari Posey = 
TS? co: a Bu. 
Se Bare is 
Pid, Oe ea 
aie apts to) be 
¢ ee ah 
Fe ee an 
yee ig 7" 
Bry al = 
S ea ae mata 
eh toa % ® 
CPT oy ty ae cor 
Re =e 
% Abate ie 2 
ies Shae ra 
zk EMER) Ay 
oom ge 
eee Ae mee 
Pie Ae bee) ay 
is Ned ae ae 
age Se Soa ve wid 
Ke Aa ey x 
eae i 
eet ee “Es 
ay Ser 2k Se ; 
= gett GN pees os. 
ie gr Geta al 
ot ine Sega oan 
Seale ic: we 
(EY ae. 5 
ogee a ie 
Ree oe a 
‘oe piers 
eet Scene 
Sein Serpe Nel eat 
oe: Cale : 
ecie ‘rrkils ie au 
“Aaa te ok Oe ee ahs 
ae sata oe 
Ve as the ee ; 
ig te hae Pe 2 
Sonat SF AN race 2% ai 
ee et Oe : ae 
ae. \ hit oe ; is g 
oma \4 oe Co x De 
ae Cae) \ - 
: ia. ® ad si x 
vp Pf een 4 ae 
eee — ~@ eee Bi 
a 2 TN a 
a ooo AS 3 ie 
PO Reet \e SSC ig 
be a on el hy oe _—— % ’ 
St goa ee fe oe eRe A 
Soy Ri e's pid Ra Py 
ee ‘ 
SP ey 
bei Baie: ieee Ss a7 
Sy Bos Se 
ao ae erent ti > 
Sah heirs See Cs I ge 
Fe Sie i ae ee = : 
aie eee ey 
Bee ae = eS ; 
ye ee ae 
peee <> ee Pe 
Ret te o> tae me 
AeA: Re ee tg 
Redeye pe a3 
ere ecg es 
se terete ae sess 4 
Bia ay eer a ae age 
Rue aie fs he ng ° “ a me “4 ™ Ls, «le ee TR eal ker mad ein 0) ~ lle Se ere hae 7 
cp Mg «Cea se Aca = Se ee ee ie ad i a cae a ¢ Cae (Make meee ee Me ey ee Tee 
ar tonk sho a age Mey yee a ees eile scar mmr cod Vlade Rae Sah eee i ie os 
Hare ee ct a, Mh ets soe Sy eo meiag or We SS 2. ame — a rh - ay Sl fa) a 2 
Sy Rad Se ee es Be jae ie 2 SR a cea lie hae Swe, x 
Ca Mig emcee aes te Fe 2G yo Ri eer: Loe ed aa oo specu. BS ‘ee Sec 
ha] st ORS a ec a fey 7 OR ae eS 7 i eo ” = a8 ee r of 
eT ep 85 Ne eS ne * a bi Baap tas ra as ee ee ri ye tes 
ve Updater ae es es ieee fm gh ae = Pi eas | re 
ME NEE cis (eer te = Sek eee ok ee thes | SLE BPN in coe rae f 


the finest mechanized 
farm implement is no 
better than the 


BEARING UNITS 
transmitting its power! 
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Today’s farmer is a combination agriculturalist, 
engineer and purchasing agent — not only 
interested in obtaining maximum return from 
every acre he tills but maximum quality and 
performance from every dollar he spends. The 
sea re equipment he buys is not a complex mechanism 
“a | ae — | but a piece of machinery whose operation he not 
; . | only understands but whose maintenance he must 


eet 
cae | hms § ts personally handle. Experience with SEALMASTER 
ais ii, 
ee) Bes sie 
— 


—" 


equipped machinery under the most severe field 
conditions has taught him the importance 
of quality in every component. SEALMASTER, to 
the farmer—means long-life, efficient performance and 
minimum maintenance. You can be sure the 
bearing unit will be an important check-point 
in any equipment he buys. Be sure the 
“4 competitive edge is with YOU — there is no 
Write for your substitute for SEALMASTER quality! 
FREE copy ef 
Sealmaster Cata- 


Flange Units Cartridge Units Take-Up Units Flange Cartridge 


Units 


SEALMASTER BEARINGS A DIVISION OF STEPHENS - ADAMSON MEG. CO. 
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Applicants for Membership 


The following is a list of recent applicants for 
membership in the American Society of Agricul- 
tural Engineers. Members of the Society are 
urged to send information relative to applicants 
for consideration of the Council prior to election. 


Anderson, Paul M.—Instructor in agricul- 
tural engineering, Pennsylvania State Uni- 
versity, State College, Pa. 

Arnold, Bruce C.—Product engineer, J. I. 
Case Co., 625 3rd Ave., Rock Island, III. 

Bell, Eldridge S. Jr.—Graduate student in 
agricultural engineering, Virginia Poly- 
technic Institute, Blacksburg, Va. (Mail) 
Box 2714, Va. Technical Station 

Burnett, Henry H. Jr.—Student of agricul- 
tural engineering, University of Florida. 


(Mail) 218 Village Drive, Elizabeth- 
town, Ky. 

Cowsar, John D.— Agricultural engineer, 
Black, Sivalls & Bryson, Inc., Kansas City, 
Mo. (Mail) 7416 East 57th St. 

Culp, Melvin M.— Head, design section 
(SCS), USDA. (Mail) 8614 11th Ave., 
Silver Spring, Md. 

Davis, Palmer—Rural service engineer, Ala- 
bama Power Co., Winfield, Ala. 

Decker, Buck L.—Student engineer, John 
Deere Waterloo Tractor Works. (Mail) 
Arard, Okla. 

Grace, Thomas T.—Sales manager, James S. 
Oppenheimer. (Mail) Rua Cel. Oscar 
Porto 614, Sao Paulo, Brazil 

Grube, Harry C.—District sales representa- 
tive, Metropolitan Edison Co., Boyertown, 
Pa. (Mail) 240 S. Washington St. 


\ Pusot that most 
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In 1953 a leading Design trade magazine conducted a survey among 1902 
manufacturing plants on the use of Internal Combustion Engines of less 
than 60 hp., as power components in equipment made for resale. 


Projected returns from 42.6% 


of plants contacted showed an estimated 


678 plants using engines in the stated category, representing total engine 


purchases of 2,727,216. 


Answering the question: “Who makes the Internal Combustion Engines 


you Use?” .. 


. Wisconsin Motor Corporation received 132 mentions, as 


against 105 for the second place builder, 56 for No. 3, 51 for No. 4 — in 
a list of 41 classified engine manufacturers. 


This outstanding preference for Wisconsin Heavy-Duty Air-Cooled Engines 
(although limited to a power range of 3 to 36 hp. in a broad survey clas- 
sification including ALL engines below 60 hp.) provides tangible evidence 
that “WISCONSIN” rates first among men who know engines best. We'd 


like to count you among them. 


7 to 15 hp. 


to ‘FIT THE 
MACHINE 
eae 


15 to 36 hp. 


mete. | aed sATION 


> WISCONSIN M01 MOTOR C CORPORATION | 


MOTO 


‘ World's Largest Builders of of Heavy-Duty Air-Cooled Engines 
no MILWAUKEE (46, WI 


Haddad, Sweilem M.—Irrigation engineer, 
Michael Baker, Jr., Inc., Baker Bldg., 
Rochester, Pa. 


Harris, Adam H. Jr.—Agricultural engineer, 
Powell Manufacturing Co., Wilson, N.C. 


Hastings, Maurice M.—Irrigation engineer, 
Colorado A&M College, and Colorado 
and S&WCRB (ARS), USDA. (Mail) 
Box 786, Grand Junction, Colo. 


Higgins, Paul N.—Sales manager, Food Ma- 
chinery and Chemical Corp., Box 1608, 
Moses Lake, Wash. 


Hill, James J.—Agricultural engineer, Rear’s 
Farm Service. (Mail) RR 1, Junction 
City, Ore. 

Johnston, Grant M.—Design engineer, In- 
ternational Harvester Co., Sherman Ave., 
N., Hamilton, Ont., Canada 


Leary, R. C.—Assistant service manager, 
Tractor & Implement Div., Ford Motor 
Co., 2500 E. Maple Rd., Birmingham, 
Mich. 


Luthin, James N.—Assistant professor of 
irrigation, University of California, Davis, 
Calif. 

Miller, Thurman G. Jr.—Field representative, 
N. C. Rural Electrification Authority, PO 
Box 630, Raleigh, N. C. 


Mullins, James A.—Junior agricultural en- 
gineer, USDA, Edisto Experiment Station, 
Blackville, S. C. 


Nichols, John B.—2nd Lt., USAF. (Mail) 
RR 2, Minatare, Nebr. 


Norris, James W.—Agricultural engineer 
—. USDA. (Mail) Box 271, Ocala, 


Pll Willard R.—Manager, quality con- 
trol department, Tractor & Implement 
Div., Ford Motor Co. (Mail) 13103 
Borgman, Huntington Woods, Mich. 


Reeves, William D. M.—Pump irrigation en- 
gineer, Foreign Operations Administra- 
tion, USAOM-FOA, APO 928, c/o Post- 
niaster, San Francisco, Calif. 


Rempel, Carl L.—Engineer (SCS), USDA, 
Quincy, Wash. (Mail) Box 1018 


Shaw, Mark D.—Instructor in agricultural 
engineering, Pennsylvania State Univer- 
sity, State College, Pa. 


Sparks, Jack L. — Irrigation engineer, 
Michael Baker, Jr., Inc. (Mail) 170 Ne- 
ville Road, Dawson Ridge Plan, Beaver, Pa. 


Thomas, Harry D.—Electrification advisor, 
Four County Electric Membership Corp., 
Burgaw, N. C. (Mail) PO Box 323 


Travis, Dean H. Jr. — Irrigation specialist, 
Suburban Farm Service Co., Wilson, N.C. 
(Mail) 1008 Bynum St. 


Walker, John N.—Instructor in agricultural 
engineering extension, Pennsylvania State 
University, State College, Pa. 


Walte, Charles Jr.—Director of Farm Insti- 
tute, Reynolds Metals Co., 2000 S. Ninth 
St., Louisville, Ky. 

Weasler, A. V.—President and general man- 
ager, Weasler Engineering & Mfg. Co., 
West Bend, Wis. (Mail) PO Box 275 

Wiggin, Merlon E.—Agricultural engineer 
(SCS), USDA, Presque Isle, Me. (Mail) 
58 Dyer St. 


Transfer of Membership Grade 


Wolf, Charles E.—Farm service representa- 
tive, New York State Electric & Gas Corp. 
(Mail) W. Church St., Eden, N. Y. (Af- 
filiate to Associate Member) 


Dowling, Saint Elmo—Agricultural engineer, 
Moore Dry Kiln Co., Jacksonville, Fla. 
(Mail) 1946 Leonid Road. (Associate 
Member to Member) 
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Our engineers will recommend the most 
efficient and economical wheel and axle assembly for 
your unit. We invite your inquiries. 


WRITE US FOR CATALOG 


ELECTRIC WHEEL CO. 
2806 SPRUCE, QUINCY, ILLINOIS 


ESPITE the presumption it sets up, 
mere membership in the American Society of 
Agricultural Engineers is no proof of a man’s 
high rank in technical talent. It does prove that 
he has met certain minimum requirements and 
has earned the esteem of colleagues who spon- 
sored his application for membership. 


But the Society emblem is evidence that 
native talent, be it great or small, is enriched by 
fraternity with the personalities whose minds 
fuse to form the pattern of progress in the 
methods and mechanics of agriculture. The 
wearer of the emblem waits not for the debut 
of an idea, but is present at its birth and helps 
to guide its growth. 

Be you novice or veteran, your membership 
in the organized profession adds something to 
your efficiency, your vision, your influence as 
an individual engineer. The Society symbol on 
your lapel is token that you “belong”. Wear it. 


STYLES AND PRICES OF ASAE EMBLEMS 

With blue ground for Fellows, Members, and 

Associate Members — furnished either in pin with 

safety clasp or lapel button — $3.50 each. 


With red ground for Affiliates — furnished only 


in pin with safety clasp — 33.50 each. 


Send orders to ASAE, St. Joseph, Michigan. 
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courtesy 


the BADGE 
of him who 


BELONGS 
D 


$700 saved... 


more efficiency gained 


IOWA 
MFG. CO. 


That's the experience of the IOWA MFG. 
CO., manufacturers of this super-tandem 
crushing plant which employs a 1%’ STOW 
power drive shaft, operating at 800 RPM. 
A centrifugal clutch relieves sudden starting 
loads. Use of the flexible shaft as shown per- 
mits a swing of up to 90 degrees either side 
of the center line. 


This is another fine example proving the 
efficiency, the practicability of STOW 
flexible shafting. 


Why not consult with STOW engineers on 
your next power transmission problem. You'll 
find that Stow flexible shafting can really 
do a job for you! 


Write today for this free 
bulletin 525 and Torque 
Calculator, containing 
complete data on STOW 
flexible shafting. No 
5 3 obligation, of course. 


y) MANUFACTURING CO. 
JJ 39 suean st. 


BINGHAMTON, KY. _ 
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NEWS SECTION 


(Continued from page 744) 


two days while most of the remainder use 
less time. 

Practice with regard to oral or written 
examinations varies in different states. Some 
feel that no part of the examination should 
be oral, whereas others believe that it is 
extremely important that some parts should 
be oral. Another point of difference is the 
question of permitting the use of books in 
the written examination. 

The manner in which these and similar 
questions were considered by the Council 
gives the impression that examinations and 
registration in most states are being well 
handled. It appears to be common practice 
for examining boards to maintain close re- 
lationship with faculties of engineering col- 
leges, and it would seem well for agricul- 
tural engineering department faculties to 
extend their fullest cooperation to state 
boards whether agricultural engineers as 
such are registered or not in their states. 


The Scientific Manpower 
Situation 
iv TOOK a technological war of world 


ij A “4 7 
U A | | C A % T Cc usto mers Service ye! proportions to suggest that the problem 


Ma 


scientific and engineering manpower 
might profitably be studied, and the threat 
of another such war to initiate action. In- 
evitably government agencies took the lead 
in analyzing those aspects of the problem 
that required immediate attention, but dis- 
continuity of effort and uncertainty of pur- 
pose characterized official efforts and nulli- 
fied any constructive or lasting result. 


In response to appeals from the NSRB 
(National Security Resources Board) com- 
mittee under the chairmanship of Charles A. 
Thomas, the Engineers Joint Council created 
the Engineering Manpower Commission in 
1950, and in 1951 the American Chemical 
Society appointed a committee on manpower. 
The chemists were convinced from the start 
that most manpower problems are common 
to all fields of science and that a single 
agency acting in behalf of all the major 
groups would accomplish much more than 
separate committees working without coor- 
dination. This conviction was shared by the 
organizations in the other disciplines, and 


{ starts before you buy! 


It’s a fact! Unitcast’s service to the customer starts 

before the final prints are drawn, and continues until 
you're satisfied! Coordinated effort between Unitcast engineers and the 
customer . . from the design to the finished casting, provides better 
results all around. 


Briefly, this is our side of the story. Check the following outline of 
Unitcast’s Service facilities . . see if you’re getting all the attention 
you deserve! 


& DESIGNING Service . . analyzes existing 
designs from the blueprint. Submits full, 
compr hensive report to the customers en- 
gineering facilities. Aids the customer in 
arriving at a conclusion with the foundry for 
the best possible design, from both castable 
and usable views. 


%& SCHEDULING Service . . coordinates pro- 
duc:ion with customers requirements. In- 
cludes accumulation service for full truck 
load, and methods such as palletizing for 
faster handling. All shipping facilities are 
available directly at the foundries. 


ESTIMATING Service... provides accurate 
cost figures with every necessary step item- 
ized. Submitted after mutual design prob- 
lems are solved and quantity and initial 
delivery requirements are established. 


SPECIAL Service . . available after consul- 
tation. Includes close tolerance castings, 
special heat treating, intensified inspection 
of critical areas, and other finishing require- 
ments not considered standard procedure. 


in March, 1953, representatives of the 
AAAS, ACS, AIBS, AGI, AIP, APA, 
FASEB, and PCM joined forces to incorpo- 
rate the Scientific Manpower Commission in 
the District of Columbia. 


With a dozen different government de- 
partments and agencies and an equal num- 
ber of private organizations working on one 
phase or another of the specialized man- 
power problem, the Commission's first task 
was to study all activities in the field and 
to establish working relations that would 
eliminate duplication of labor yet assure 
that a comprehensive job would be done. 
Progress toward this goal was accelerated 
when Arthur S. Flemming, director of the 
Office of Defense Mobilization, appointed 
Howard A. Meyerhoff, the Commission's 
1953 president, to membership on the ODM 
Committee on Specialized Personnel, and 
when the Engineering and Scientific Man- 
power Commissions agreed to merge cert- 
tain of their activities and to divide the 
labor on others. 

In such highly specialized fields as the 
scientific disciplines, recruitment, training, 
and utilization are successive but integrated 
problems. Superimposed on the trouble- 
some dilemma of an inadequate supply of 
scientists to meet civilian demands was their 


(Continued on page 754) 


PRE-PRODUCTION Service . . includes 
pattern expediting and construction in con- 
formity with production requirements. to 


© FOLLOW-UP Service. . carried out period- 
ically during production and delivery, aids 
both foundry and customer production. 
realize economies wherever plausible. In- Design revisions, greater efficiency, revised 
cludes sample casting presentation in mini- schedules, etc., stem from this customer 
mum time for formal approval. service. 


UNITCAST CORPORATION ~ Toledo 9, Ohio 
In Canada: CANADIAN-UNITCAST STEEL, LTD., Sherbrooke, Quebec 


Ynitcast 2. 


CASTINGS 
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GEARS) mm 


of every description — Silentbloc 
made to your specifications - 
The gears you buy from E. B. Sewall are made « ‘ Bearings 


by men who are fussy about specifications. 


They've got the finest equipment and know 


how to use it. If you specify .0002” tolerance, : ’ Ps . se / 
you get it—at each tooth on every gear we : ’ Me R Lub 7; 

ship. We're in a brand new plant, equipped : ; ever “ire 102, 10/) e 
to handle your gear requirements. Send 

specifications and quantity for our quotation. git 


Your inquiry will be answered promptly 


These unique rubber-in-metal bearings correct 
misalignment, reduce noise, cushion shock, and 
handle oscillating motion without lubrication of 
any kind. in addition, they eliminate metal-to- 
metal wear and provide long trouble-free 
operation. 


E. B. Sewall Mfg. Co., 702 Glendale St., St. Paul 14, Minn. General Silentbloc bearings and bushings 
are used on agricultural machinery wherever 
motion is a problem. Special Silentbloc units can 
also be designed and manufactured to meet 


” your particular need. Our service also covers 
Who Should Join ASAE extruded plastics and rubber, molded rubber 
. and fiberglas, metal stampings, rubber-to- 
If any one of the following descriptions covers metal. Write for the full story today. 


your present work: 


@ Development, design, and application of 
farm tractors and implements and their 
components 


* From Plans to Products um Plastics amd Ruben” 


THE 
GENERAL 


TURE adudttiel Produta Division 


@ Design and improvement of farm buildings 


@ Engineered improvements for soil and wa- 
ter conservation and use 


@ Creating applications for electricity in farm \ 
practice and living — . 


then you can derive much benefit from member- 
ship in ASAE, and the Society cordially invites 
you to make application. For further informa- 
tion write 


The General Tire & Rubber Company 
Industrial Products Division 
Wabash, Indiana 


(J Send booklet on Silentbloc products (4240) 
(_] Send booklet on complete products and services (4252) 
AMERICAN SOCIETY OF 


|_| Have your representative contact us. 
AGRICULTURAL ENGINEERS 


Conpeny me 


St. Joseph, Michigan 


| 


Risisishcindpineteenencnenanen 


City a 


State_ 
AE-—10-54 


stiesniiisach ani cahcsabseeniieasessomnseemeanniantiandanidsinetettstcienteinementanaiie 
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Scientific Manpower Situation 
(Continued from page 752) 


liability for military service. Despite the 
excellent work of the Trytten Committees, 
the treatment accorded graduate students 
from May, 1953, until June, 1954, became 
completely irrational, and Selective Service 
announced as a policy its intention to induct 
graduate assistants without regard to the 
status of their graduate work. Graduate 
schools promptly supplied the Commission 
with facts and figures on arbitrary and ill- 
timed inductions of students in midcareer, 
and the Commission's findings were placed 
before the Office of Defense Mobilization. 
Action was soon taken, and, unless there is 
complete disregard of the permissive provi- 
sions of the law, thus jeopardizing the 
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technological strength of the nation, stu- 
ents and university departments will no 
longer be harassed by the uncertanties of 
badly timed and arbitrary reclassifications 
and inductions. 


The Commission has also insisted on the 
adoption of more rational handling of oc- 
cupational deferments, and, after a year in 
which it looked as if the policy was to draft 
all scientists, without regard to their irre- 
placeability in critical occupations, the 
Selective Service System should soon be di- 
rected to adhere to the intent of the defer- 
ment provisions in the Selective Service law. 
In 1955 it will be necessary for Congress to 
pass new legislation, in which it is hoped 
basic principles will be spelled out in suf- 
ficient detail to place them beyond dispute, 
and in which the chaotic reservist situation 
will be put in order. The Commission has 
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K330 11.8 H.-P. 
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Kohler Engines are engineered and manufac- 
tured to the high standards which have made 
the Kohler mark known for quality the world 


over. 


Power for garden tractors, pumps, sprayers, 
snow removal equipment, grain elevators, 
hoists, portable saws, concrete mixers, com- 
pressors, industrial lift trucks. 


Kohler Co., Kohler, Wisconsin 
Established 1873 


+ HEAT! 


G EQUIPMENT + ELECTRIC PLANTS 
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Write for information 


been assured that its views will be sought 
when the prospective bills come up for con- 
sideration. 

There would be little point in all this 
activity on the proper utilization of scien- 
tists for national security if there were not 
a shortage, at least in certain fields. The 
register of scientific personnel that is being 
prepared for the National Science Founda- 
tion will provide a check on the available 
supply, and the Office of Education's annual 
survey of college and university registra- 
tions and of degrees granted is a reliable 
tally of the number of new scientists and 
engineers that are added to the manpower 
pool each year. Very little, however, has 
been done to determine the demand and its 
relation to the supply. Unwilling to accept 
unsupported generalizations about current 
shortages, the Scientific Manpower Commis- 
sion has undertaken its own survey. A com- 
prehensive study of industry's immediate re- 
quirements for scientists in each major field 
has been completed, and the results will 
soon be available. A comparable survey of 
demand for fiscal year 1954-55 in govern- 
ment agencies is in progress, and this will 
be followed by a study of requirements for 
teaching personnel during academic year 
1954-55. Even reliable statistics such as 
are being assembled must be carefully inter- 
preted before they can be properly used in 
the formulation of national policy, but until 
now anyone was free to propound an opin- 
ion or to propose a policy affecting the 
nation’s scientific future and its security 
without being seriously hampered by facts. 


Although there is always a shortage of 
high-caliber scientists, programs of recruit- 
ment should bear some rational relationship 
to prospective demand, and the results of 
the SMC surveys should be guides for ac- 
tion in each field of science. In preparation 
for service in this vital facet of the man- 
power problem, the Commission has com- 
piled a bibliography of literature on career 
guidance and has assembled a file of mate- 
rial in current use among student counselors. 
Some disciplines have excellent material 
(two have virtually none) to place in the 
hands of interested young people. 

Pamphlets, however, are no substitute for 
the inspiration that good teachers and good 
counselors can provide, and for this reason 
SMC has joined with the Engineering Man- 
power Commission to face the most acute 
shortage of all, namely, that of high school 
teachers of science. Working with the Na- 
tional Science Teachers Association, the 
Future Scientists of America, the AAAS 
Cooperative Committee on the Teaching of 
Science and Mathematics, the Academy Con- 
ference of the AAAS, the Thomas Alva Edi- 
son Foundation, and the Educational Coun- 
cil of the National Association of Manufac- 
turers, it is now seeking the cooperation of 
its sponsoring agencies and their affiliates in 
a nationwide effort to resuscitate science 
where most young men and women have 
their first introduction to it. The Commis- 
sion is also anticipating the time—a scant 
four years ahead—when the colleges will 
feel the pinch that has just gripped the high 
schools. 

Science and technology are abstract terms 
that acquire substance only through people 
—men and women with the right tempera- 
ment and with minds disciplined by pro- 
longed training. Like any resource, the 
supply is limited, though renewable. Yet we 
have known less about it than about the size 
of our coal reserves or of our wheat crop. 
In fifteen months of operation, the Scientific 
Manpower Commission has begun to per- 
ceive the many facets of the manpower 
problem and to see how some of them may 
be resolved. The degree of success achieved 
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RAIN BIRDS, Set the pace for Performance 


More farmers use Rain Birds than any other 
sprinklers. Why? Rain Birds’ simplicity of 
design and unexcelled performance answer 
today’s irrigation requirements. For your pro- 
tection look for the name “RAIN BIRD” on the 
sprinklers you buy. 

Be sure the sprinkling system you get meets 
American Society of Agricultural Engineers 
standards and fits your needs exactly. 


Our research and 
planning department is at 
your service. Consult us 
today without obligation. 


RAINY cas: ake 


609 WEST LAKE ST., PEORIA 5, ILLIN 


A Handsome, Permanent Binder 
for AGRICULTURAL ENGINEERING 


One copy $9.80 


Two or more 
$2.40 each 


‘Tee ONLY binder that 
opens flat as a bound 
book! Made of durable 
imitation leather, nicely stamped on 
front cover and backbone, with name 
of journal and year and volume num- 
ber, it will preserve your journals 
permanently. Each cover holds 12 issues (one volume). 
Do your own _—s at home in a few minutes. 
Instructions easy to follow. Mail coupon for full 
information, or binder on 10-day free trial. 


wee we ee ee ee MAIL COUPON TODAY 


SUCKERT LOOSE-LEAF COVER CO. 
234 West Larned St., Detroit, Mich. 


Mail post paid cio. eee coceesneecvvn neeerneneee- binders for Agricultural 


Engineering fOr YCars .cccccccc0-- eee 
Will remit in 10 days or voters » binders collect. 


Re A eS REE Oe RT NATE PON te Re 
Na Sh Ga eS ee 


SAS SRS. een area nena 
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fight farm fires 
Buu o concHnE FIRE CISTERN 


Every 24 hours fire strikes 100 farrm families, 
leaves 9 persons dead and destroys $250,000 
worth of farm property. 


Agricultural engineers can help reduce this 
heavy loss by (1) encouraging the use of fire- 
safe concrete construction and (2) designing 
concrete fire cisterns that provide an abundant 
supply of water for fighting fires. 


An underground concrete fire cistern will 
store water economically and efficiently. 
Through cooperation with rural builders or 
groups of farmers it is possible to make multi- 
ple use of the same set of forms. This simplifies 
construction, saves money and provides each 
farmer with priceless fire protection. 


Designing underground cisterns for protec- 
tion against fires is another example of the 
agricultural engineer’s service to America’s 
farmers. For helpful design data write for the 
booklet illustrated above. It is free but is dis- 
tributed only in the United States and Canada. 


PORTLAND CEMENT ASSOCIATION 
Dept. 10-1, 33 W. Grand Ave., Chicago 10, Ill. 


A national organization to improve and extend the uses of portland cement 
and concrete ... through scientific research and engineering field work 
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NE PRODUCTS 


CATALOGS 


Wheel-Type Disk Harrow 


John Deere, Moline, Ill., announces a 
new wheel-type disk harrow, the model RW. 
The backbone of this disk harrow is of 
heavy pipe, resistant to stress and strain. 
Heavy channel steel main frame members 
are welded to the backbone, and the disk 
gangs in turn are bolted to the heavy-duty 
frame members at a fixed angle. Other fea- 
tures of the implement are tapered wheel 
bearings and heavy-duty, heat-treated, cross- 
rolled disk blades. The harrow is made in 
7, 8, 9, 10 and 14-foot sizes, with 16 or 
18-inch disks. 

A hand screw, the only adjustment on the 
harrow, raises or lowers the hitch to the 
tractor drawbar, and the implement can be 
raised, lowered, or adjusted by any tractor 
hydraulic cylinder that conforms to ASAE- 
SAE standards. It can be raised and locked 


ee 


in transport position so the hydraulic cylin- 
der can be removed for other use. 


Glossary of Terms for lron Castings 


International Nickel Co., 67 Wall St., 
New York 5, N. Y., will send on request 
to interested readers a copy of its 36-page 
booklet entitled “Glossary of Terms for 
Producers and Users of Iron Castings,” 
which explains over 150 technical terms that 
are used in common between suppliers and 
users of ferrous and non-ferrous castings. It 
is offered to increase the mutual under- 
standing that promotes greater accord in 
working out the procurement of satisfactory 


uUginatord 


OF HIGH QUALITY LOW COST IMPLEMENT ROLLER CHAIN 


Chains, Incorporated is supplying complete quality chain drives for 
combines, corn pickers, spreaders and other applications in the agricul- 
tural field as well as the industrial field. For the best in roller chain 


at attractive prices 


WRITE FOR COMPLETE DETAILS 


13943 PARK AVENUE 
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DOLTON, ILLINOIS 


and improved castings. Also, it should prove 
useful to the designer, machinist and pur- 
chaser of castings as well as to the man in 
the foundry. 


Idea File on Metal Shapes 


Van Huffel Tube Corp., Warren, Ohio, 
will, on request of interested readers, send 
one of its idea file folders containing idea 
sheets showing the many applications for 
Van Huffel cold-formed metal shapes and 
tubing the company believes will be useful 
to manufacturers of the farm equipment in- 
dustry. Engineers confronted with ideas for 
product development or improvement, es- 
pecially where cold-formed metal shapes and 
tubing offer opportunities for simplifying 
design and cutting production costs, will 
find this idea file folder useful. 


New Model Sprinklers 


National Rain Bird Sales & Engineering 
Corp., Azusa, Calif., has introduced two 
new model irrigation sprinklers. One of 
these, the No. 30, is an innovation in two- 
nozzle sprinklers. Of the same construction 
as the No. 30 W announce six months ago, 
it includes the addition of a spreader nozzle, 
increasing sprinkler efficiency and assuring 
satisfactory service under extreme irrigation 


conditions. A companion model to this 
sprinkler is the No. 35 which operates on a 
part or full circle and is recommended for 
use on lateral ends to keep water off roads 
during irrigation periods. It is constructed 
with fewer moving parts than the previous 
model, No. 45, and offers advantage of 
more advanced irrigation techniques. Both 
sprinklers use the %-inch, No. 40 original 
standard and wearproof bearings, thus reduc- 
ing the number of repair parts to be stocked. 


New Engine Power Unit 


Willys Motors, Inc., Industrial Engine 
Dept., Toledo, Ohio, announces a new 
power unit, in which any of the company’s 
four industrial engines can be installed in a 
completely operable engine package, which 


ee a 
Pain oa nail 


is equipped with radiator, gas tank, air 
cleaner, complete electrical equipment and 
governor. The enclosure is a heavy-gauge, 
steel housing designed for rugged duty and 
appearance. The unit is mounted on re- 
inforced skids. The Company's models L-4, 
F-4, L-6 and F-6 industrial engines can be 
assembled into this unit. 
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How Advertisers 
Circulation Value 


You know the audience you're getting when you invest advertising 
funds with us. We’re members of the Audit Bureau of Circulations 
—our circulation is net paid and A.B. C.-audited. 


The Bureau is a voluntary, nonprofit association founded forty 
years ago by advertisers, advertising agencies and publishers, to 
bring order out of circulation chaos. It sets standards for net paid 
circulation, verifies circulation records by field audit and issues 
A.B.C. reports. 


Our A.B.C. report accurately states and analyzes our circula- 
tion; tells exactly how much we have, where it goes, how we 
obtain it. Write us for your copy. It will show you where and to 
how many readers we carry your sales message. 


We're proud to be among the 3575 members who have helped 
make A.B.C facts your basic measure of advertising value. 
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AGRICULTURAL 
ENGINEERS 
YEARBOOK 


Reaches 


All members of the 
American Society 
0 


Agricultural Engineers 
including 


Chief engineers, design engi- 
neers, and others who specify 
the designs, components, ma- 
terials, etc., built into farm 
tractors and machines. 


Agricultural engineers in state 
and federal employ who advise 
farmers in the selection and 
application of farm equipment 


of all kinds. 


Engineers in soil and water con- 
servation who specify methods, 
machines, and equipment in 
irrigation, drainage, and ero- 
sion control operations. 


Agricultural engineers who 
spearhead advances in func- 
tional and structural design of 
farm-housing and crop-storage 
buildings. 

Engineers who have pioneered 
the engineering applications of 
electricity on 90 per cent of 
American f>™s. 


CONTENTS 
The 1955 AGRICULTURAL ENGINEERS YEARBOOK 


will contain items of information which agricul- 
tural engineers frequently need to consult, the 
more important of which are: 

* ASAE-approved standards, recommendations, 
codes, and data. 

. Directory of manufacturers (1) of components, 
materials, etc., specified in designs for farm 
machines, structures, and other equipment, 
and (2) of complete machine and structural 
units used in farming and allied operations. 

e’Alphabetical and geographical di 
ae = geographical directory of 
© Roster of ASAE officers, divisions, sections, 
and committees, and other organizational in- 
formation. 

AGRICULTURAL ENGINEERS YEARBOOK will be 

found on the desk of every ASAE member where 

it serves as a ready reference throughout the year. 
Reserve space NOW for the 1955 edition. 


Published annually by 


American Society 
of 


Agricultural Engineers 


505 PLEASANT STREET, ST. JOSEPH, MICH. 
Also publishers of AGRICULTURAL ENGINEERING 
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PERSONNEL SERVICE _ 
BULLETIN 


Norte: In this bulletin the following listings 
current and previously reported are not repeated 
in detail; for further information see the issue 
of AGRICULTURAL ENGINEERING indicated. 


PosITIONS OPEN—APRIL—O-90-613, 98-614, 
106-615. MAY—-O-155-623, 108-624, 162-625, 
173-626. JUNE-—O-180-627, 181-628, 197-629, 
198-630, 182-631. JULY—-O-204-633, 205-634, 
207-635, 209-636, 208-637, 219-638, 222-639, 
223-640, 231-642, 232-643. AUGUST—O-242-644, 
248-645, 250-647, 251-648, 244-649. SEPTEM- 
BER — O-276-650, 262-651, 286-652, 288-653, 
293-654, 300-655. 


PosITIONS WANTED—APRIL—W-125-126, 107- 
127. MAY--W-122-128, 146-129. JUNE—-W-115- 
131, 164-133, 169-134, 179-136, 199-137. JULY 
—W-177-138, 224-141. AUGUST—W-237-142, 
252-143, 265-144. SEPTEMBER — W-283-145, 
246-147, 260-148, 266-149, 294-150, 299-151. 


NEW POSITIONS OPEN 


AGRICULTURAL ENGINEER, assistant or 
associate professor rating, to take charge of 
agricultural engineering teaching, research, and 
extension in an eastern state university. Age 
25-35. MS deg in agricultural engineering, or 
equivalent. Experience in teaching and research 
or extension and research. Able to meet and 
work with people. Aggressive and willing to 
work more than a 40-hour week to build up 
agricultural engineering program. Excellent op- 
portunity to develop agricultural engineering to 
the point where it can become a separate de- 
partment. No salary or rank schedules to hold 
down a good man. Usual retirement, social se- 
curity, hospitalization and insurance benefits. 
Salary open. O-326-656 


RESEARCH ASSISTANT in agricultural en- 
gineering for work on mechanization of dairy 
and poultry farms, in a northeastern land grant 
university. Age, under 35. BS deg in agricul- 
tural or mechanical engineering. MS deg in 
agricultural engineering desirable. Farm back- 
ground and some design or test experience de- 
sirable. Interest in research and ability to 
write up projects and results. Above average 
opportunity in expanding research program. Ex- 
cellent retirement system. Location in rural 
section close to larger cities in Northeast. 
Salary $4380, or more if qualifications warrant, 
for 11 mo. O-332-657 


AGRICULTURAL ENGINEERS (4) for prod- 
uct test work with a large farm equipment 
manufacturer in the Midwest. Work includes 
writing test plans, supervising and conducting 
field tests, observing test results and writing 
reports on tests of tractors or implements. Age 
30-45. BS deg in agricultural or mechanical 
engineering. Farm background and four to six 
years experience in farm equipment field. Trac- 
tor or implement design experience desirable. 
Willing to travel. Able to train and supervise 
younger, less experienced personnel. Men with 
mature, sound judgment on the function and 
performance of experimental farm equipment 
are desired. Good opportunity for advancement 
in expanding organization. Salary, $500 to $550 
per mo, depending on qualifications. O-321-658 


AGRICULTURAL ENGINEER to develop 
and carry on an extension program in the use 
of farm machinery, principally in cotton pro- 
duction, in a southwestern state. Age 28 or 
over. BS deg in agricultural or mechanical 
engineering, preferably from a land grant insti- 
tution. Experience in mechanized farming de- 
sirable, preferably since graduation. 
and be able to work with rural people. Good 
opportunity for advancement. Salary $5000. 
O-327-659 


AGRICULTURAL ENGINEER to assist 
manager of agricultural engineering with a 
name brand vegetable canner in the Upper Mid- 
west. Work will include assisting with design 
and development on tillage, fertilizing, planting 
and harvesting equipment; and with mainte- 
nance, improvement, management and opera- 
tion of fleets of field machines. Age about 
24-28. BS deg or higher in agricultural or 


Must like © 


mechanical engineering. Practical experience in 
design and development, servicing or fleet oper- 
ations desirable. Must be able to work with 
people. Excellent opportunity for well-qualified 
man interested in application of engineering 
principles to agricultural production operations. 
Salary $366 to $422 to start. O-353-660. 


NEW POSITIONS WANTED 


AGRICULTURAL ENGINEER for extension, 
teaching, research, sales, service, or writing in 
rural electric field, with industry or public serv- 
ice, preferably in East or Midwest. Will travel. 
Single. Age 30. Vision corrected. BS deg in 
agricultural engineering, 1949, Pennsylvania 
State College. MS deg in agricultural engineer- 
ing 1951, Michigan State College. Farm back- 
ground. Design and test with manufacturer of 
farm equipment, 6 mo. Graduate teaching as- 
sistant in rural electrification, 15 mo. Test en- 
gineering program with manufacturer of farm 
electrical equipment, 15 mo. Development, de- 
sign and test of military electronic equipment 
(radar) with electrical manufacturer, 23 mo. 
Weather, 18 mo, and electronics school, 4 mo, 
in Air Force during military service. Available 
on 2 weeks notice. Salary open. W-296-152 


ENGINEER FOR TEACHING, sales, or serv- 
ice in power and machinery, with manufacturer 
or distributor, in USA, Latin America, or 
Scandinavia. Able to use Spanish language. 
Willing to travel up to 8 mo per year. Resident 
of USA. arried. Age 30. No disability. 
Technical training at Gothenburg College 1943 
and Technical Institute of Gothenburg, 1945, 
mechanical engineering. Military service in 
Sweden, one year as mechanic in motor pool. 
Sales engineer and regional technical supervisor 
in Latin America, 5% yr, with U.S. manufac- 
turer of farm equipment. Partner in farm in 
Panama. Available now. Salary $425 per mo. 
W-330-153 


HORTICULTURAL and vegetable crop spe- 
cialist, for extension, teaching, or research with 
college or experiment station, anywhere in USA. 
Married. BS deg in agriculture, major in hor- 
ticulture, 1949, Rutgers University. MS deg in 
agriculture, major in vegetable crops, Michigan 
State College, 1950. War noncommissioned serv- 
ice in Army Air Force, 3 yr. Assistant county 
agricultural agent, present position, 15 mo. 
Available now. Salary $5000. W-340-154 


AGRICULTURAL ENGINEER for farm man- 
agement, consulting, or sales and service work 
with private industry in South or Southeast. 
Age 30. Married. BSA degree University of 
Florida, 1947, major in agricultural engineer- 
ing. Farm background. Three years service 
commissioned officer, U.S. Navy. Two years 
teaching experience; one year land appraisal; 
one year farm equipment sales and service; 
two years present position as agronomist for 
private industrial organization. Willing to do 
limited travel. Available 30 days notice. Sal- 
ary open, depending on other conditions of 
employment. W-365-155 


AGRICULTURAL ENGINEER for design and 
development with manufacturer of farm equip- 
ment, preferably in the Northeast. Married. 
Age 25. No disability. BS deg in agricultural 
engineering, 1952, University of Vermont. Farm 
background. One summer as draftsman. Design 
with farm equipment manufacturer 6 mo, un- 
til called to duty in Army. Army experience 
includes 24-week electronics school, 18-week 
Ordnance Guided Missile Electronic Component 
School course, and teaching in the latter since 
that time. Discharge due January 1955. Avail- 
able February 1955. Salary open. W-349-156 


Scientific Manpower Situation 
(Continued from page 754) 


will be directly proportional to the support 
and cooperation given not only by its spon- 
sors, but by scientists themselves. It is the 
profession’s problems, rather than the Com- 
mission's that must be faced. 

+ + ¢ 


The Scientific Manpower Commission on 
August 31 elected Truman E. Hienton, head, 
farm electrification section, agricultural en- 
gineering research branch (ARS), U.S. De- 
partment of Agriculture, and Marvel L. 
Baker, associate director, Nebraska Agricul- 
tural Experiment Station, as the new mem- 
bers of the Commission representing the 
field of agriculture. This increases SMC 
membership to 18, representing 9 major 
fields of scientific activity vital to the na- 
tion's defense, economy, and welfare. 
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7,125 men and women 


signed up to join those 


already saving for their 


9 


financial security...’ 


GEORGE H. COPPERS 


President, 


National Biscuit Company 


“There is no greater honor than partnership in an enterprise as important 
to a nation as the Payroll Savings Plan for United States Savings Bonds. 
We view our recent person-to-person canvass of employees in behalf of Bonds 
as practical patriotism. It supports our Government’s efforts to stabilize the ‘ 
value of the dollar. The campaign also benefited our employees. 7,125 men 
and women signed up to join those already saving for their financial security 
in this easy, automatic way.” 


The Payroll Savings Plan is the backbone of Series E 
Bond Sales. 8,500,000 employees in more than 45,000 
companies invest more than $160,000,000 in Savings 
Bonds every month. 


you how easy it is to install the plan. 


e Over your signature tell your men and women 
you are 100% behind the Payroll Savings Plan 
because it enables them to build personal security 


The person-to-person canvass is the keystone of The ... it is a check on inflation and helps to stabilize 
Payroll Savings Plan. In company after company person- the dollar ... it has set up a reservoir of reserve 
to-person canvasses conducted by employees have in- purchasing power—over $37.5 billion—the cash 

ae ¢ 1 ; (oJ 2 ip 2 . . _* 
creased participation to 60%, 70% —even 90% plus. value of Savings Bonds held by individuals at the 


end of July, 1954. The greatest reserve of purchas- 


Why don’t you conduct a person-to-person canvass : 7 
ing power this or any other country has ever had. 


in your company? Here are two, simple steps: 


Your phone call, telegram or letter to Savings Bond 


e Tell the Savings Bond Division, U.S. Treasury Division, U.S. Treasury Department, Washington 25, 
Department, Washington, D.C., you want to con- D.C., will bring prompt co-operation from your State 
duct a person-to-person canvass, they will show Savings Bond Director. Act today. 


The United States Government does not pay for this advertising. The Treasury Department 
thanks, for their patriotic donation, the Advertising Council and 
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Professional Directory 


‘RATES: 80 cents per line per issue; 40 cents 
per line to ASAE members. Minimum charge, 
five-line basis. Uniform style setup. Copy must 
be received by first of month of publication. 
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FRANK J. ZINK 
Agricultural Engineering Service 


Development - Design - Research - Markets 
Public Relations 


BOARD OF TRADE BLDG., CHICAGO 4, ILL. 
Tel. HArrison 7-0722 


J. F. SCHAFFHAUSEN 
Agricultural & Sales Engineering 
Research Farms: United States - Canada 


Market Development, Sales Training, 
Design, Public Relations, Editorial Services 


IRVINGTON-ON-HUDSON, NEW YORK 


COPIES AVAILABLE 
AGRICULTURAL ENGINEERS YEARBOOK 


Contents includes (1) ASAE-Approved Standards, 
Recommendations, and Engineering Data; (2) 
Directory of Suppliers to Agricultural Engineers; 
(3) Roster of ASAE Members; (4) List of ASAE 
Officers, Divisions, Sections, and Committees. 
Published by the American Society of Agricul- 
tural Engineers, this publication is an essential 
and frequently consulted reference source for 
every agricultural engineer, as well as for any 
individual, organization, or library in need of the 
particular information it contains. 


Copies of the current edition of AGRICULTURAL 
ENGINEERS YEARBOOK are available at $5.00 
per copy postpaid. Send order with remittance to 


American Society of roy Engineers 
St. Joseph, Michigan 


HI-LO-PAC is a complete 


hydraulic system enclosed 


as a single unit. 


Two pumps 
Two valves 
Filter 


Pressure Relief Valve 


Reservoir 


200 to 1200 RPM 


3 to 12 GPM 
Up to 1000 PSI 
Direct PTO Drive 


HI-LO-PAC 
PUMP 


HORSEPOWER 
PUMP 


HORSEPOWER 


HYDRA-SEAL 


Mounting Kits for all tractors COUPLER 


America’s leading power unit, serves on 
more than 200,000 farms daily, giving 
great service at low cost. 


Write for FREE Catalog! 


Chor-Ly 
H!-19-PAC 
CHAR-LYNN COMPANY 


Dept. AE 10, 2843-26th Avenue South, Minneapolis 6, Minnesota 
Hydraulic Horsepower To Serve You Befter 
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... for the PICKQOF THE CROP” 


a 


ss 
ai é 
aS ee 
le ne 


“0 Ty , A BALL 
Profits up—costs down! John Deere’s new No. 1 Cotton Ne nas 
Picker does the work of 40 men! But savings aren’t ' 
confined to labor. For this picker saves importanily on : 
upkeep, too. Its 52 New Departure bali bearings in 13 
locations need no time out for either lubrication or 
adjustments. 
With New Departure ball bearings used in so many 
important positions, positive and accurate location of 
parts is assured . . . and that means a machine always 


in top operating condition . . . always ready to do the 
job fast and right. 


If you’re designing for the farm, it will pay you to learn 
the advantages of New Departure ball bearings. Talk 
with your New Departure engineer about it— today! 


Cutaway shows six 
of the 17 New De- 
parture ball bear- 
ings in the rear 
picker drum of John 
Deere’s No. 1, One 
Row Mounted Cot- 
ton Picker. These 
bearings preserve 
precision alignment, 
need no upkeep. 


a AAA eee 9 1 hs - _—_— Pisa Be =f oe eh SO a Uma 3 oc AR age “la fae gan Na i i 
ee 2: oa pa oan SY eee eee TS CEO Nemes ST ee er sale 2 ean bY ; Peer ox Ey Sac - é 
cogs aes a eee ee ha Glisten ey Wales go oh is eee hina Sey 
igeser ov 9 eo ae “fi ‘im eee eel: ~ Riis at Pee Ste Doge! ; ; top eae 13 
Wade sent fs) * =, a ooo. Beg ee cd ree a Be eee es. Me ee a: Reese cia ee eee de } 4 : a 
ae 
ee $ 
eae 
ata 
See: 
Kisect | 
eee nie y 2 SoA 3 =, 
erties : y ig roomie ” 
aN ees ‘3 . ‘ 5: a 
oad Z 3 , a 8 a 
ad Sa y “x ae is . x 
oe Sos tts 4 oe ; ‘ 
Geez : y eo aaa 1 ‘ a 
Deis tut ope § 4 
aes d : 4 ‘ q 
, nee “ ~~ ’ - 
Bt & — . r 5 y ’ ' 
pee rear : & oy * *} ’ 
ia $5 : 5 4 ‘4 : . é . Sm. Ps } ; ss 
Vasa it O fe ; aoe ’ 
Rig eae t * Rm ¢ r ‘ ERT 
Be a 4 ~ bi y ae Ee # q 
vse) a  — ia ‘ ’ : 
De nuke _ ef NS 4 : ae ee. 
eS: ‘ ‘ F ’ yl  _——S tx e.* : ’ 
Sagres. P +, ¥ Ty FS oa ete ae : 
Re a wu Ms wa ~~ ae : a 
ieee é a 5S (6 6 ee ee 3 
7 ;- oe aa : a % ss ' 
eho a a ‘e ‘YW oo fs) ae R ja oe 
ei :. , CaS AS sca a fee, 8 q 2, 2 eae .- 
eo A oa, Ge ee et? mY a a a oS ae a \W 
aaa i of aes eA ae ae | 
eee 4 a See ORS - t Boe z eR reaeacntt ae a a R 
ie a ’ A>” a fy - «% e eS ia ~~ — 3 se : 
ae are takes. . te ~*~ eae nce Age eS i 
ia yoke ire. { i ‘ ‘fi Pati Wy Bee es ey r. * 4 oe % oe 
ee aot ne 1 er. 2. ee, aa sree mal? ae ” —- 
“BE 3 a Set Be tee ru i i. aa Sr | 
ue - a cs _.< Se a & é 
Gudea 4 *,, * Jol ad ain ow Bae flee F sees 4 x 
eee 4 Sn ee lg Ji a : 
Sma, ‘ £3" a ae Pe — ] 
ofa a: ail athe I  -d ai ae “ ie $ 
ee es : oe”. ar! ee 3 a s 
Eee a 4 i Se a Se : j 
‘eee 4 en da eee ec ae Fe eee ee - 
a § oe “Se “eee nS 
“amie Ra 2 * a8 ‘ \ ay So hal Se ee owe te 4 
pee f 4 4 ia “See = .? oe e ae a , 
aid , a Sin i i d e ao J a 
ae pin \ ll ce F . a ~. .; io 4 3 
ae 4 ’ = d a ee sa “ 
a tS oe Y % y . 
 — ‘ ee 2” y 
oe %: Pe Te & , 
ae : a ae : 
“Stay eis d 
a x e- ey i re = ; \ 
ee — “ rs 
ae ee S 
eee 7 © 
Mpg S| “* } 
pe a | 
tee: iy >. . 
os \~7 
ah v 
YS cee if 
Sao: bs 
Scales 
se 
eae 
Rit ae 
ens 
Ey eters 
a BALL E REE : 
- NEW DEPARTURE © DIVISION OF GENERAL MOTORS © BRISTOL. CONNECTIC: 
feel: ants olee ta Meriden, Consacticut, and Sandusky, 0 
eed Plants also in Meriden, Conn: Os, ANG SHAewtny. 
oi ae in Canada: McKinnon Industries, Ltd. St Catharines. Ontes 
< ay 4 : F, ; 
ee Cc 1's 
ee BRE (Sam i oo at —y— ) 
ede 1 eee FR AEA ee 
oe oe EIS Lol 
BoA fe =a =] 
bs ttn H tJ 
el 2 Og Ht - 
Be aa a rs L 
As j dams : <8 
if eee LATa Cc Yer 
Be hk rt ei ; 
oe IL ee eee 
me... quis = > ay (ee 
ek fi EB ‘ed Wiss: 
naaaeaias lH U 
eee, i 
Suey Ae, 3 
ee ‘ 
ee 
Bet 
Bes BS 
Sine ee: 
no? oe 
pet aaa 
jaa ST a eS gi hc) a ee rer ee pera oc: Oo. os, ea ae sits { | ; 
ee PEN SS oe ae Te ger eo - ape ee 52. teh gone ee 9) 7s ean ee ee at ie eee ae me ee Se ea ' ; | - 
; eae! 2 . ae! iy al “ot st ¥ Nee Ras! peceaieese 2E e-em asi ce oe { shea tar cs ck ; 
CR cS a eeeeana | = 45; Re! GDRs: Saag ara Shut! SE a eae a eet Se i 4. eee 
* eee re | a dk ee A hh erwin is 
eae |. 2) oe ae eee eee. ae : ees poe pagers sige : i | : J 
Se a each: | a ouch! 0 ok sala: 7 cr as ena eee an : p 


EVERY MAKE OF FARM TRACTOR HAS TIMKEN BEARINGS; MORE AND MORE IMPLEMENTS ARE USING THEM, TOO! 


How Allis-Chalmers Engineers Get Maximum 
Shaft Rigidity, Proper Gear 


Contact in “CA” Tractor Transmission 


Bw cutaway drawing of the Allis-Chalmers “CA” 
tractor transmission shows the power take-off 
shaft, bevel gears and transmission shafts mounted on 
Timken® tapered roller bearings. 

Allis-Chalmers engineers selected Timken bearings 
because they assure maximum rigidity under load and 
thereby provide ideal gear contacts. Result: longer 
gear life, less chance of trouble. 

Timken bearings provide greater shaft rigidity be- 
cause they carry the load on full lines of contact be- 
tween rollers and races. This full line contact also gives 
them inherently high load-carrying capacity. Further- 
more their tapered design enables them to take any 
combination of radial and thrust loads. With Timken 
bearings no extra devices are needed to carry the thrust 
of the bevel gears. 

Timken bearings in the transmissions also reduce 
the cost of machining the housing. The taper construc- 
tion permits a simple and positive bearing adjustment 


at the time of assembly and after long periods of service. 

Timken bearings solve three big problems for agri- - 
cultural engineers. 1. They handle combination loads. 
2. They make closures more effective because they keep 
shafts concentric with housings. 3. They make equip- 
ment operate easier because they are designed to have 
true rolling motion and manufactured to live up to 
their design. 

Write now for helpful booklet “Tapered Roller Bear- 
ing Practice in Current Farm Machinery Applications”. 
The Timken Roller Bearing Company, Canton 6, Ohio. 
Canadian plant: St. Thomas, Ontario. Cable address: 
“TIMROSCO”, 
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